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CONDENSED CYCLIC COMPOUND AND X2 is N [ ( L4 ) 84 - ( R4 ) 64 ] , C [ ( L5 ) as - ( Rs ) b5 ] [ ( L ) 26 - ( R6 ) bo ] , 
ORGANIC LIGHT - EMITTING DEVICE Si [ ( L5 ) 45 - ( R3 ) b5 ] [ ( L . ) a6 - ( Ro ) bo ] , S , or O ; 

INCLUDING THE SAME Xz is N [ ( L7 ) a7 - ( R2 ) 67 ] , C [ ( Ls ) a8 - ( Rs ) b8 ] [ ( L . ) a9 - ( R ) b9 ] , 
Si [ ( L3 ) as - ( R3 ) b8 ] [ ( L9 ) a9 - ( R . ) b9 ] , S , or O ; CROSS - REFERENCE TO RELATED 5 when X , is N [ ( L4 ) 94 - ( R4 ) 64 ] , 

APPLICATIONS i ) Xi is C [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] or Si [ ( L2 ) a2 
( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) 63 ] , and X3 is N [ ( L7 ) a7 - ( R2 ) 67 ] , C [ ( L8 ) as This application claims priority to Korean Patent Appli ( R2 ) 68 ] [ ( L . ) . 9 - ( R9 ) b9 ] , Si [ ( L2 ) a8 - ( R3 ) b8 ] [ ( L ) 29 - ( R . ) b9 ] , S , cation No . 10 - 2013 - 0117589 , filed on Oct . 1 , 2013 in the or O , or Korean Intellectual Property Office , and all the benefits 10 ii ) X , is N [ ( L1 ) a1 - ( Ri ) bi ] , S , or O , and X3 is C [ ( L3 ) as accruing therefrom under 35 U . S . C . $ 119 , the content of 

which is incorporated herein in its entirety by reference . ( R ) ] [ ( L9 ) . 9 - ( Ro ) bg ] or Si [ ( L ) as - ( R2 ) b8 ] [ ( L9 ) 29 - ( R . ) b9 ] ; 
provided that a combination of X , is C [ ( L2 ) a2 - ( R2 ) 62 ] 

BACKGROUND [ ( L3 ) a3 - ( R3 ) b3 ] , X , is S , and X2 is C [ ( L ) a8 - ( R3 ) be ] [ ( L . ) a9 
15 ( R ) bg ] is excluded ; 

1 . Field L to L9 , L11 , and L12 are each independently a substituted 
One or more embodiments relate to a condensed cyclic or unsubstituted C3 - C10 cycloalkylene group , a substituted 

compound and an organic light - emitting device including or unsubstituted Cz - C10 heterocycloalkylene group , a sub 
the same . stituted or unsubstituted C2 - C1o cycloalkenylene group , a 

2 . Description of the Related Art 20 substituted or unsubstituted Cz - C10 heterocycloalkenylene 
Organic light - emitting devices ( OLEDs ) are self - emitting group , a substituted or unsubstituted C . - C . arylene group , 

devices , which provide advantages such as wide viewing a substituted or unsubstituted C2 - C6 heteroarylene group , a 
angles , excellent contrast , quick response , high brightness , substituted or unsubstituted bivalent non - aromatic con 
excellent driving voltage characteristics , and provide full densed polycyclic group , or a substituted or unsubstituted 
color images . 25 divalent non - aromatic hetero - condensed polycyclic group , 
As an example , an organic light - emitting device includes al to a9 , all , and al2 are each independently selected 

an anode , a cathode , and an emission layer that is disposed from an integer from 0 to 5 ; 
between the anode and the cathode . A hole transport region R1 , R4 , and R , are each independently a hydrogen , a 
may be disposed between the anode and the emission layer , deuterium , — F , C1 , — Br , — 1 , a hydroxyl group , a cyano 
and an electron transport region may be disposed between 30 group , a nitro group , an amino group , an amidino group , a 
the emission layer and the cathode . Holes provided from the hydrazine group , a hydrazone group , a carboxylic acid or a 
anode may move toward the emission layer through the hole salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
transport region , and electrons provided from the cathode acid or a salt thereof , a substituted or unsubstituted C , - C60 
may move toward the emission layer through the electron alkyl group , a substituted or unsubstituted C . - C . alkenyl 
transport region . Carriers , such as holes and electrons , are 35 group , a substituted or unsubstituted C . - C . alkynyl group , 
recombined in the emission layer to produce excitons . These a substituted or unsubstituted C , - C60 alkoxy group , a sub 
excitons change from an excited state to a ground state , stituted or unsubstituted C3 - C10 cycloalkyl group , a substi 
thereby generating light . tuted or unsubstituted Cz - C1o heterocycloalkyl group , a 

Different types of OLEDs have been reported . However , substituted or unsubstituted Cz - C , cycloalkenyl group , a 
there remains a need in OLEDs having one or more of low 40 substituted or unsubstituted C3 - C10 heterocycloalkenyl 
driving voltage , high efficiency , high brightness , and long group , a substituted or unsubstituted C . - C . aryl group , a 
lifespan . substituted or unsubstituted Co - C60 aryloxy group , a substi 

tuted or unsubstituted C6 - C60 arylthio group , a substituted or 
SUMMARY unsubstituted C . - C . arylalkyl group , a substituted or unsub 

45 stituted C2 - C60 heteroaryl group , a substituted or unsubsti 
Provided are a novel condensed cyclic compound and an tuted C2 - C6 heteroaryloxy group , a substituted or unsub 

organic light - emitting device including the same . stituted C2 - C60 heteroarylthio group , a substituted or 
Additional aspects will be set forth in part in the descrip unsubstituted C3 - C60 heteroarylalkyl group , a substituted or 

tion which follows and , in part , will be apparent from the unsubstituted monovalent non - aromatic condensed polycy 
description , or may be learned by practice of the presented 50 clic group , or a substituted or unsubstituted monovalent 
embodiments . non - aromatic condensed heteropolycyclic group ; 
An aspect provides a condensed cyclic compound repre R2 , R3 , R5 , R . , Ry , R9 , R11 , and R12 are each indepen 

sented by Formula 1 below : dently a hydrogen , a deuterium , — F , C1 , — Br , - I , a 

Formula 1 

c12 [ ( R12 ) 612 — ( L12 ) , 127 

11 F ( Lu ) al1 — ( R11 ) budeli 

wherein in Formula 1 , 65 hydroxyl group , a cyano group , a nitro group , an amino 
X , is N [ ( L1 ) a1 - ( R1 ) oi ] , C [ ( L2 ) 22 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] , group , an amidino group , a hydrazine group , a hydrazone 

Si [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] , S , or O ; group , a carboxylic acid or a salt thereof , a sulfonic acid or 
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a salt thereof , a phosphoric acid or a salt thereof , a substi - heterocycloalkenyl group , a Co - C60 aryl group , a Co - C60 
tuted or unsubstituted C - C60 alkyl group , a substituted or aryloxy group , a C . - C . arylthio group , a substituted or 
unsubstituted C2 - C60 alkenyl group , a substituted or unsub unsubstituted CZ - C60 arylalkyl group , a C2 - C60 heteroaryl 
stituted C2 - C60 alkynyl group , a substituted or unsubstituted group , a substituted or unsubstituted C2 - C6 heteroaryloxy 
C1 - C60 alkoxy group , a substituted or unsubstituted C3 - C1o 5 group , a substituted or unsubstituted C2 - C6 heteroarylthio 
cycloalkyl group , a substituted or unsubstituted C3 - C10 group , a substituted or unsubstituted C3 - C6 heteroarylalkyl 
heterocycloalkyl group , a substituted or unsubstituted group , a monovalent non - aromatic condensed polycyclic 
Cz - C10 cycloalkenyl group , a substituted or unsubstituted group , a monovalent non - aromatic condensed heteropoly 
C3 - C10 heterocycloalkenyl group , a substituted or unsubsti - cyclic group , — N ( Q ) ( Q12 ) , Si ( Q13 ) ( Q14 ) ( Q15 ) , or 
tuted Co - C60 aryl group , a substituted or unsubstituted 10 — B ( Q16 ) Q17 ) ; 
Co - C60 aryloxy group , a substituted or unsubstituted Co - C60 a Cz - C10 cycloalkyl group , a C3 - C10 heterocycloalkyl 
arylthio group , a substituted or unsubstituted CZ - C60 arylal group , a Cz - C10 cycloalkenyl group , a Cz - C10 heterocy 
kyl group , a substituted or unsubstituted C2 - C60 heteroaryl cloalkenyl group , a Co - C60 aryl group , a Co - C60 aryloxy 
group , a substituted or unsubstituted C2 - C6 heteroaryloxy group , a C . - C . arylthio group , a substituted or unsubsti 
group , a substituted or unsubstituted C2 - C6 heteroarylthio 15 tuted CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a 
group , a substituted or unsubstituted C3 - C6 heteroarylalkyl substituted or unsubstituted C2 - C6 heteroaryloxy group , a 
group , a substituted or unsubstituted monovalent non - aro substituted or unsubstituted C2 - C6 heteroarylthio group , a 
matic condensed polycyclic group , a substituted or unsub substituted or unsubstituted C3 - C6 heteroarylalkyl group , a 
stituted monovalent non - aromatic condensed heteropolycy monovalent non - aromatic condensed polycyclic group , or a 
clic group , — N ( Q . ) ( Q2 ) , — Si ( Q3 ) ( Q4 / Qs ) , or — B ( Q . ) 20 monovalent non - aromatic condensed heteropolycyclic 
( Q ) ; group ; 
bl to b9 , b1l , and b12 are each independently selected a C3 - C10 cycloalkyl group , a C3 - C10 heterocycloalkyl 

from an integer from 1 to 10 ; group , a Cz - C10 cycloalkenyl group , a Cz - C10 heterocy 
c11 and c12 are each independently 1 , 2 , 3 , or 4 ; cloalkenyl group , a Co - C60 aryl group , a C6 - C60 aryloxy 
when c11 is 2 or more , at least two * - ( L1 ) 1 - R ou are 25 group , a C . - C . arylthio group , a substituted or unsubsti 

identical or different ; tuted CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a 
when c12 is 2 or more , at least two * - ( L12 ) a12 - ( R12 ) 612 are substituted or unsubstituted C2 - C6 heteroaryloxy group , a 

identical or different ; substituted or unsubstituted C2 - C6 heteroarylthio group , a 
at least one of the substituted Cz - C10 cycloalkylene group , substituted or unsubstituted C3 - C6 heteroarylalkyl group , a 

the substituted Cz - C10 heterocycloalkylene group , the sub - 30 monovalent non - aromatic condensed polycyclic group , or a 
stituted C3 - C10 cycloalkenylene group substituted Cz - C10 monovalent non - aromatic condensed heteropolycyclic 
heterocycloalkenylene group substituted Co - C60 arylene group , each substituted with at least one group selected from 
group substituted C2 - C60 heteroarylene group substituted a deuterium , - F , - C1 , — Br , — I , a hydroxyl group , a cyano 
bivalent non - aromatic condensed polycyclic group , the sub group , a nitro group , an amino group , an amidino group , a 
stituted divalent non - aromatic hetero - condensed polycyclic 35 hydrazine group , a hydrazone group , a carboxylic acid or a 
group , the substituted C . - C . alkyl group , the substituted salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
C2 - C60 alkenyl group , the substituted C2 - C60 alkynyl group , acid or a salt thereof , a C , - C . alkyl group , a C2 - C60 alkenyl 
the substituted C - C6o alkoxy group , the substituted C3 - C10 group , a C2 - C60 alkynyl group , a C - C60 alkoxy group , a 
cycloalkyl group , the substituted C3 - C10 heterocycloalkyl C3 - C10 cycloalkyl group , a C3 - C10 heterocycloalkyl group , a 
group , the substituted C3 - C10 cycloalkenyl group , the sub - 40 C3 - C1o cycloalkenyl group , a Cz - C10 heterocycloalkenyl 
stituted C3 - C10 heterocycloalkenyl group , the substituted group , a Co - C60 aryl group , a Co - Coo aryloxy group , a 
Co - C60 aryl group , the substituted C . - C . aryloxy group , the Co - C60 arylthio group , a substituted or unsubstituted CZ - C60 
substituted Co - C6 arylthio group , a substituted or unsubsti - arylalkyl group , a C , - C6 heteroaryl group , a substituted or 
tuted C2 - C60 arylalkyl group , the substituted C2 - C6 het unsubstituted C2 - C6 heteroaryloxy group , a substituted or 
eroaryl group , a substituted or unsubstituted C , - C6 het - 45 unsubstituted C , - C6 heteroarylthio group , a substituted or 
eroaryloxy group , a substituted or unsubstituted C2 - C60 unsubstituted C3 - C6 heteroarylalkyl group , a monovalent 
heteroarylthio group , a substituted or unsubstituted C3 - C60 non - aromatic condensed polycyclic group , a monovalent 
heteroarylalkyl group , the substituted monovalent non - aro non - aromatic condensed heteropolycyclic group , — N ( Qz? ) 
matic condensed polycyclic group , and the substituted mon - ( Q22 ) , — Si ( Q23 ) ( Q24 / Q25 ) , and — B ( Q26 ) ( Q27 ) ; or 
ovalent non - aromatic condensed heteropolycyclic group 50 — N ( Q31 ) ( Q32 ) , Si ( Q33 ) ( Q34 ) ( Q35 ) , or — B ( Q36 ) ( Q37 ) ; 
may be substituted with 

a deuterium , F , Cl , Br , — 1 , a hydroxyl group , a Qi to Q7 , Q11 to Q17 , Q21 to Q27 , and Q31 to Q37 are each 
cyano group , a nitro group , an amino group , an amidino independently 
group , a hydrazine group , a hydrazone group , a carboxylic a hydrogen , a deuterium , - F , Cl , Br , - I , a hydroxyl 
acid or a salt thereof , a sulfonic acid or a salt thereof , a 55 group , a cyano group , a nitro group , an amino group , an 
phosphoric acid or a salt thereof , a C , - C . alkyl group , a amidino group , a hydrazine group , a hydrazone group , a 
C2 - C60 alkenyl group , a C2 - C60 alkynyl group , or a C , - C60 carboxylic acid or a salt thereof , a sulfonic acid or a salt 
alkoxy group ; thereof , a phosphoric acid or a salt thereof , a C , - C60 alkyl 

a C1 - C60 alkyl group , a C2 - C60 alkenyl group , a C2 - C60 group , a C2 - C60 alkenyl group , a C2 - C60 alkynyl group , or a 
alkynyl group , and a C1 - C60 alkoxy group , each substituted 60 C1 - C60 alkoxy group ; 
with at least one group selected from a deuterium , - F , C1 , a C , - C60 alkyl group , a Cz - C . alkenyl group , a C2 - C60 
- Br , — I , a hydroxyl group , a cyano group , a nitro group , alkynyl group , or a C , - C60 alkoxy group , each substituted 

an amino group , an amidino group , a hydrazine group , a with at least one group selected from a deuterium , — F , C1 , 
hydrazone group , a carboxylic acid or a salt thereof , a Br , — I , a hydroxyl group , a cyano group , a nitro group , 
sulfonic acid or a salt thereof , a phosphoric acid or a salt 65 an amino group , an amidino group , a hydrazine group , a 
thereof , a C3 - C10 cycloalkyl group , a C3 - C10 heterocy - hydrazone group , a carboxylic acid or a salt thereof , a 
cloalkyl group , a C3 - C10 cycloalkenyl group , a C3 - C10 sulfonic acid or a salt thereof , a phosphoric acid or a salt 

and 
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con 

thereof , a Cz - C10 cycloalkyl group , a Cz - C10 heterocy - drawings , wherein like reference numerals refer to like 
cloalkyl group , a Cz - C10 cycloalkenyl group , a Cz - C10 elements throughout . In this regard , the present embodi 
heterocycloalkenyl group , a C6 - C60 aryl group , a C6 - C60 m ents may have different forms and should not be construed 
aryloxy group , a C . - C . arylthio group , a substituted or as being limited to the descriptions set forth herein . Accord unsubstituted CZ - C60 arylalkyl group , a C2 - C60 heteroaryl 
group , a substituted or unsubstituted C2 - C6 heteroaryloxy 15 ingly , the embodiments are merely described below , by 
group , a substituted or unsubstituted C . - C . heteroarylthio referring to the figures , to explain aspects of the present 
group , a substituted or unsubstituted Cz - C6 heteroarylalkyl description . As used herein , the term " and / or ” includes any 
group , a monovalent non - aromatic condensed polycyclic and all combinations of one or more of the associated listed 
group , and a monovalent non - aromatic condensed heteropo items . Expressions such as “ at least one of , " when preceding 
lycyclic group ; 10 a list of elements , modify the entire list of elements and do 

a Cz - ?uo cycloalkyl group , a Cz - C10 heterocycloalkyl not modify the individual elements of the list . 
group , a Cz - C10 cycloalkenyl group , a Cz - C1o heterocy 
cloalkenyl group , a Co - C60 aryl group , a Co - C60 aryloxy It will be understood that when an element is referred to 
group , a C . - C . arylthio group , a substituted or unsubsti as being “ on ” another element , it can be directly in contact 
tuted C . - C . arylalkyl group , a C . - C , heteroaryl group , a with the other element or intervening elements may be 
substituted or unsubstituted C2 - C6 heteroaryloxy group , a 15 present therebetween . In contrast , when an element is 
substituted or unsubstituted C2 - C6 heteroarylthio group , a referred to as being “ directly on ” another element , there are 
substituted or unsubstituted Cz - C6 heteroarylalkyl group , a no intervening elements present . 
monovalent non - aromatic condensed polycyclic group , or a 
monovalent non - aromatic condensed heteropolycyclic It will be understood that , although the terms first , second , 
group ; or third etc . may be used herein to describe various elements , 

a Cz - C1 , cycloalkyl group , a Cz - C10 heterocycloalkyl 20 components , regions , layers , and / or sections , these elements , 
group , a Cz - C10 cycloalkenyl group , a C3 - C10 heterocy components , regions , layers , and / or sections should not be 
cloalkenyl group , a C . - C . aryl group , a C . - C . aryloxy limited by these terms . These terms are only used to distin 
group , a C6 - C60 arylthio group , a substituted or unsubsti guish one element , component , region , layer , or section from 
tuted CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a another element , component , region , layer , or section . Thus , 
substituted or unsubstituted C . - Cao heteroaryloxy group , a 25 a first element , component , region , layer , or section dis 
substituted or unsubstituted C . - C . heteroarylthio group , a cussed below could be termed a second element , component , 
substituted or unsubstituted C3 - C60 heteroarylalkyl group , a region , layer , or section without departing from the teach 
monovalent non - aromatic condensed polycyclic group , or a ings of the present embodiments . 
monovalent non - aromatic condensed heteropolycyclic The terminology used herein is for the purpose of describ 
group , each substituted with at least one group selected from 30 ing particular embodiments only and is not intended to be 
a deuterium , — F , C1 , — Br , I , a hydroxyl group , a cyano limiting . As used herein , the singular forms “ a , " " an , " and 
group , a nitro group , an amino group , an amidino group , a “ the ” are intended to include the plural forms as well , unless 
hydrazine group , a hydrazone group , a carboxylic acid or a the context clearly indicates otherwise . 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric The term “ or ” means " and / or . ” It will be further under 
acid or a salt thereof , a C2 - C60 alkyl group , a C2 - C60 alkenyl 35 stood that the terms “ comprises ” and / or “ comprising , " or 
group , a C2 - C60 alkynyl group , a C - C60 alkoxy group , a “ includes ” and / or “ including ” when used in this specifica 
C3 - C10 cycloalkyl group , a C3 - C10 heterocycloalkyl group , a tion , specify the presence of stated features , regions , inte 
C3 - C1o cycloalkenyl group , a C3 - C10 heterocycloalkenyl gers , steps , operations , elements , and / or components , but do 
group , a C . - C aryl group , a C . - C . aryloxy group , a not preclude the presence or addition of one or more other 
C - C arylthio group , a substituted or unsubstituted C . - C . , 40 features , regions , integers , steps , operations , elements , com 
arylalkyl group , a C2 - C60 heteroaryl group , a substituted or ponents , and / or groups thereof . 
unsubstituted C2 - C6 heteroaryloxy group , a substituted or Unless otherwise defined , all terms ( including technical 
unsubstituted C2 - C6 heteroarylthio group , a substituted or and scientific terms ) used herein have the same meaning as 
unsubstituted C3 - C6 heteroarylalkyl group , a monovalent commonly understood by one of ordinary skill in the art to 
non - aromatic condensed polycyclic group , and a monova - 45 monova 45 which this general inventive concept belongs . It will be 

further understood that terms , such as those defined in lent non - aromatic condensed heteropolycyclic group . commonly used dictionaries , should be interpreted as having Another aspect provides an organic light - emitting device a meaning that is consistent with their meaning in the including : context of the relevant art and the present disclosure , and a first electrode ; will not be interpreted in an idealized or overly formal sense a second electrode ; and 50 unless expressly so defined herein . an organic layer disposed between the first electrode and the 
second electrode , Exemplary embodiments are described herein with refer 
wherein the organic layer includes an emission layer and ence to cross section illustrations that are schematic illus 

at least one of the condensed cyclic compound represented trations of idealized embodiments . As such , variations from 
by Formula 1 . the shapes of the illustrations as a result , for example , of 55 manufacturing techniques and / or tolerances , are to be 

BRIEF DESCRIPTION OF THE DRAWINGS expected . Thus , embodiments described herein should not 
be construed as limited to the particular shapes of regions as 

These and / or other aspects will become apparent and illustrated herein but are to include deviations in shapes that 
result , for example , from manufacturing . For example , a more readily appreciated from the following description of 

the embodiments , taken in conjunction with the FIGURE 60 region illustrated or described as flat may , typically , have 
which is a schematic view of an organic light - emitting rough and / or nonlinear features . Moreover , sharp angles that 
device according to an embodiment . are illustrated may be rounded . Thus , the regions illustrated 

in the figures are schematic in nature and their shapes are not 
DETAILED DESCRIPTION intended to illustrate the precise shape of a region and are 

65 not intended to limit the scope of the present claims . 
Reference will now be made in detail to embodiments , Hereinafter , a condensed cyclic compound according to 

examples of which are illustrated in the accompanying an embodiment is represented by Formula 1 below : 
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Formula 1 

c12 [ ( R12 ) 612 — ( L12 ) a127 

11 E ( L11 ) al1 — ( R11 ) buideli 

10 

In Formula 1 , ii ) X , is N [ ( L ) a1 - ( Ri ) bi ] , S , or 0 , and X , is C [ ( L3 ) 28 
Xi is N [ ( L1 ) a1 - ( R1 ) b?l , C [ ( L2 ) a2 - ( R2 ) 62 ) | ( L3 ) a3 - ( R3 ) b3 ] , ( R . ) J ( L . ) . - ( R . ) or Sif ( Le ) - ( Re ) J ( L . ) . - ( R . ) ) . Si [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) 93 - ( R3 ) 63 ] , S , or O ; 
X2 is N [ ( L4 ) 94 - ( R4 ) b4 ] , C [ ( Ls ) as - ( Rs ) b5 ] [ ( L6 ) 26 - ( R6 ) bo ] , . . That is , in Formula 1 , when X , is N [ ( L4 ) 94 - ( RA ) b4 ] , at 15 Si [ ( L5 ) as - ( R3 ) bs ] [ ( L . ) a6 - ( Ro ) bo ] , S , or 0 ; and least one of X , and X , necessarily includes C or Si . Xz is N [ ( L7 ) az - ( R7 ) bz ] , C [ ( Le ) as - ( Re ) b8 ] [ ( L9 ) 9 - ( R2 ) 69 ] , 

Si [ ( Ls ) a8 - ( Ro ) b8 ] [ ( L . ) a9 - ( R9 ) b9 ] , S , or O . A combination of X , is C [ ( L2 ) 22 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] , 
In Formula 1 , X2 is S , and X3 is C [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) 29 - ( R . ) bg ] in For when X2 is N [ ( L4 ) 94 - ( R4 ) b4 ] , 20 mula 1 is excluded . i ) X , is C [ ( L2 ) ̂ 2 - ( R2 ) 52 ] I ( L3 ) 23 - ( R3 ) 33 ] or Si [ ( L2 ) 22 - ( R ) 62 ] 20 
[ ( L3 ) a3 - ( R3 ) 63 ] , and Xz is N [ ( L7 ) a7 - ( R7 ) 67 ] , C [ ( L3 ) as Accordingly , the condensed cyclic compound may be 
( R3 ) b8 ] [ ( L . ) a9 - ( R9 ) b9 ] , Si [ ( Ls ) a8 - ( Re ) bs ] [ ( L . ) a9 - ( R . ) by ) , represented by one of Formulae 1 ( 1 ) to 1 ( 115 ) in which X? , 
S , or 0 , or X2 , and X2 are defined as below : 

Formula 
No . X X2 X ; 

N [ ( L7 ) a7 - ( R7 ) 57 ] 
C [ ( Ls ) as - ( Rs ) b8 ] [ ( L9 ) a9 - ( Ro ) b9 ] 
Si [ ( L2 ) as - ( Ro ) b8 ] [ ( L9 ) a9 - ( R9 ) bg ] 
O 

C [ ( L2 ) 2 - ( R ) 2 ] [ ( L3 ) @ 3 - ( R2 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 63 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 13 ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 

N [ ( L 7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( R8 ) 38 ] [ ( L9 ) 49 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( Ro ) bg ] 

1 ( 1 ) 
1 ( 2 ) 
1 ( 3 ) 
1 ( 4 ) 
1 ( 5 ) 
1 ( 6 ) 
1 ( 7 ) 
1 ( 8 ) 
1 ( 9 ) 
1 ( 10 ) 
1 ( 11 ) 
1 ( 12 ) 
1 ( 13 ) 
1 ( 14 ) 
1 ( 15 ) 
1 ( 16 ) 
1 ( 17 ) 
1 ( 18 ) 
1 ( 19 ) 
1 ( 20 ) 
1 ( 21 ) 
1 ( 22 ) 
1 ( 23 ) 
1 ( 24 ) 
1 ( 25 ) 

s 

N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( R1 ) b ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 

N [ ( L4 ) 94 - ( RA ) 14 ] 
N [ ( L4 ) 94 - ( R4 ) b4 ] 
N [ ( L4 ) 94 - ( R4 ) 54 ] 
N [ ( L4 ) a4 - ( R4 ) 14 ] 
N [ ( L4 ) 94 - ( R4 ) b4 ] 
N [ ( L4 ) 4 - ( R4 ) b4 ] 
N [ ( L4 ) 94 - ( R4 ) 64 ] 
N [ ( L4 ) a4 - ( R4 ) b4 ] 
N [ ( L4 ) 94 - ( R4 ) b4 ] 
N [ ( L4 ) 44 - ( R4 ) b4 ] 
N [ ( L ) 4 - ( R ) 4 ] 
N [ ( L4 ) 84 - ( R4 ) b4 ] 
N [ ( L4 ) a4 - ( R4 ) 54 ] 
N [ ( L4 ) 94 - ( R4 ) 54 ] 
N [ ( L4 ) 94 - ( R4 ) 54 ] 
N [ ( L4 ) 94 - ( R4 ) 54 ] 
C [ ( L5 ) as - ( Rs ) 15 ] [ ( L6 ) 26 - ( Ro ) b6 ] 
C [ ( L5 ) a - ( Rs ) [ ( L6 ) & 6 - ( R6 ) 56 ] 
C [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) b6 ] 
C [ ( L5 ) as - ( Rs ) 55 ] [ ( L6 ) a6 - ( Ro ) b6 ] 
C [ ( L5 ) a5 - ( Rs ) bs ] [ ( L6 ) 26 - ( Ro ) bol 
C [ ( Ls ) a5 - ( Rs ) bs ] [ ( L6 ) 26 - ( R6 ) bo ] 
C [ ( L5 ) 45 - ( Rs ) " ] [ ( L ) a6 - ( Ro ) 66 ] 
C [ ( L5 ) a5 - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] 
C [ ( Ls ) a5 - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) 56 ] 
C [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
C [ ( L5 ) as - ( R5 ) bs ] [ ( L6 ) & 6 - ( Ro ) bo ] 
C [ ( Ls ) as - ( Rs ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
C [ ( L5 ) as - ( Rs ) bs ] [ ( L . ) a6 - ( R6 ) be ] 
C [ ( L5 ) as - ( R5 ) bs ] [ ( L6 ) 26 - ( Ro ) bo ] 
C [ ( L5 ) 45 - ( Rs ) bs ] [ ( L6 ) 26 ( Ro ) bo ] 
C [ ( L5 ) a5 - ( R5 ) 55 ] [ ( L6 ) 26 - ( R6 ) 56 ] 
C [ ( L5 ) 45 - ( Rs ) 65 ] [ ( L . ) 86 - ( R $ ) 6 ] 
C [ ( Ls ) as - ( Rs ) bs ) [ ( L . ) a6 - ( R6 ) b6 ] 
C [ ( L5 ) as - ( R5 ) 55 ] [ ( L6 ) 26 - ( Ro ) bol 
C [ ( L5 ) as - ( R5 ) 65 ] [ ( L6 ) a6 ( R6 ) bo ] 
C [ ( L5 ) 5 - ( R5 ) bs ] [ ( L6 ) 26 - ( R6 ) b6 ] 
C [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) bo ] 
C [ ( L5 ) 45 - ( Rs ) 65 ] [ ( L6 26 - ( Ro ) bo ] 
C [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) bel 
C [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) 56 ] 
Si [ ( L5 ) 45 - ( Rs ) bs ] [ ( L6 ) 86 - ( R6 ) b6 ] 
Si [ ( L5 ) a5 - ( R5 ) 55 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( Ls ) as - ( Rs ) b5 ] [ ( L . ) , 6 - ( R6 ) 66 ] 
Si [ ( Ls ) as - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L5 ) 45 - ( Rs ) 55 ] [ ( L6 ) 26 - ( Ro ) b6 ] 
Si [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) b6 ] 
Si [ ( L5 ) a5 - ( Rs ) b5 ] [ ( L6 ) a6 - ( Ro ) 56 ] 

C [ ( Ls ) as - ( Rs ) b8 ] [ ( L9 ) a9 - ( Ro ) b9 ] 
Si [ ( L3 ) as - ( Re ) b8 ] [ ( L9 ) a9 - ( R9 ) 59 ] 
C [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) 59 ] 
Si [ ( L3 ) ?s - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) bo ] 
C [ ( Ls ) a8 - ( R $ ) 68 ] [ ( L9 ) . 9 - ( R9 ) b9 ] 
Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) ] 
N [ ( L 7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) as - ( R3 ) 58 ] [ ( L . ) & 9 - ( RO ) ] 
Si [ ( L3 ) as - ( R2 ) 58 ] [ ( L9 ) ag - ( Rg ) bo ] 
S 
o 
N [ ( L7 ) a7 - ( R7 ) bz ] 
C [ ( Ls ) a : - ( R3 ) 58 ] [ ( L . ) a9 - ( R9 ) ] 
Si [ ( L3 ) a8 - ( R3 ) 18 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
S 
0 
N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) as - ( R3 ) 58 ] [ ( L9 ) . 9 - ( R9 ) bg ] 
Si [ ( Ls ) a8 - ( R8 ) 38 ] [ ( L9 ) 49 - ( R9 ) bo ] 
S 
0 
N [ ( L7 ) a7 - ( R7 ) 57 ] 
( [ ( Ls ) 28 - ( R3 ) 58 ] [ ( L9 ) . 9 - ( R9 ) 19 ] 
Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) 49 - ( R9 ) bo ] 
S 

1 ( 26 ) 
1 ( 27 ) 
1 ( 28 ) 
1 ( 29 ) 
1 ( 30 ) 
1 ( 31 ) 
1 ( 32 ) 
1 ( 33 ) 
1 ( 34 ) 
1 ( 35 ) 
1 ( 36 ) 
1 ( 37 ) 
1 ( 38 ) 
1 ( 39 ) 
1 ( 40 ) 
1 ( 41 ) 
1 ( 42 ) 
1 ( 43 ) 
1 ( 44 ) 
1 ( 45 ) 
1 ( 46 ) 
1 ( 47 ) 
1 ( 48 ) 

ooooo 
0 
0 

N [ ( L 1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) 91 ( R1 ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 13 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( Rs ) b8 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
Si [ ( Ls ) a8 - ( Rs ) b8 ] [ ( L9 ) . 9 - ( Ro ) bg ] 
S 
0 
N [ ( L7 ) a7 - ( R7 ) 57 ] 
C [ ( L3 ) a8 - ( R8 ) 68 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) . 9 - ( R9 ) 59 ] 
S 
0 
N [ ( L 7 ) a7 - ( R7 ) 67 ] 
C [ ( L8 ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) bg ] 
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- continued 
Formula 
No . X 

Si [ ( Ls ) a8 - ( R3 ) b8 ] ( L9 ) a9 - ( R9 ) 59 ] 
S 
0 
N [ ( L - ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) yg ] 
Si [ ( L3 ) & - ( Ro ) b ] [ ( L . ) 29 - ( Ro ) 59 ] 

?uuuuuOOO 
O 
N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) as - ( R3 ) b8 ] [ ( L9 ) 29 - ( R9 ) 59 ] 
Si [ ( L3 ) as - ( R8 ) b8 ] [ ( L9 ) ag - ( Rg ) b9 ] 
S 
O 

C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] Si [ ( Ls ) as - ( Rs ) 55 ] [ ( L6 ) 26 - ( R6 ) 56 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) b3 ] Si [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) a6 - ( Ro ) bo ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] Si [ ( L5 ) 95 - ( R5 ) 55 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L2 ) a2 - ( R2 ) 62 ] ( L3 ) 93 - ( R3 ) 53 ] Si [ ( Ls ) as - ( Rs ) 65 ] [ ( L6 ) 26 - ( Ro ) b6 ] 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] Si [ ( L5 ) a5 - ( Rs ) 5 ] [ ( L6 ) a6 - ( R6 ) 56 ] 
Si [ ( L2 ) ?2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) 13 ] Si [ ( L5 ) as - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) b6 ] 
Si [ ( L2 ) 2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] Si [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L2 ) a2 - R2 ) 62 ] [ ( L3 ) 93 - ( R3 ) 53 ] Si [ ( Ls ) a5 - ( Rs ) 65 ] [ ( L6 ) ar ( Ro ) bo ] 

Si [ ( L5 ) a5 - ( Rs ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L5 ) a5 - ( R5 ) 15 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) 26 - ( Ro ) b6 ] 
Si [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] 
Si [ ( L5 ) as - ( Rs ) 65 ] [ ( L ) 26 - ( Ro ) b6 ] 
Si [ ( L5 ) a5 - ( Rs ) 65 ] [ ( L6 ) & 6 - ( Ro ) b6 ] 
Si [ ( L5 ) as - ( Rs ) 65 ] [ ( L ) 26 - ( Ro ) bo ] 
Si [ ( L5 ) a5 - ( Rs ) 65 ] [ ( L6 ) 26 - ( Ro ) bo ] 
Si [ ( L5 ) a5 - ( Rs ) bs ] [ ( L6 ) a6 ( R6 ) b6 ] 

N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) b? ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 
N [ ( L1 ) al - ( Ri ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] S 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) b3 ] S 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) b3 ] S 
Si [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] S 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] S 
Si [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 63 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] 

N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) a8 - ( R $ ) 68 ] [ ( L . ) 29 - ( R9 ) bg ] 
Si [ ( Ls ) a8 - ( Rs ) b8 ] [ ( L9 ) 9 - ( Ro ) bg ] 

1 ( 49 ) 
1 ( 50 ) 
1 ( 51 ) 
1 ( 52 ) 
1 ( 53 ) 
1 ( 54 ) 
1 ( 55 ) 
1 ( 56 ) 
1 ( 57 ) 
1 ( 58 ) 
1 ( 59 ) 
1 ( 60 ) 
1 ( 61 ) 
1 ( 62 ) 
1 ( 63 ) 
1 ( 64 ) 
1 ( 65 ) 
1 ( 66 ) 
1 ( 67 ) 
1 ( 68 ) 
1 ( 69 ) 
1 ( 70 ) 
1 ( 71 ) 
1 ( 72 ) 
1 ( 73 ) 
1 ( 74 ) 
1 ( 75 ) 
1 ( 76 ) 
1 ( 77 ) 
1 ( 78 ) 
1 ( 79 ) 
1 ( 80 ) 
1 ( 81 ) 
1 ( 82 ) 
1 ( 83 ) 
1 ( 84 ) 
1 ( 85 ) 
1 ( 86 ) 

O 
N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) 49 - ( R . ) bg ] 
Si [ ( L3 ) as - ( R3 ) 58 ] [ ( L . ) a9 - ( R9 ) bg ] 
O 

N [ ( L 7 ) a7 - ( R7 ) 67 ] 
Si [ ( Ls ) a8 - ( R3 ) b8 ] ( L9 ) a9 - ( R9 ) 59 ] 

N [ ( L7 ) a7 - ( R7 ) + 7 ] 
C [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) 29 - ( R9 ) 59 ] 
Si [ ( Ls ) as - ( R3 ) 58 ] [ ( L9 ) ag - ( R9 ) b9 ] 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Le ) as - ( Re ) b8 ] [ ( L9 ) 49 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( Ro ) bg ] wooooOOO 0 

1 ( 87 ) 
N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) a8 - ( R $ ) 68 ] [ ( L9 ) . 9 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) b8 ] ( L9 ) a9 - ( R9 ) 59 ] 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) as - ( R3 ) 58 ] [ ( L9 ) . 9 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) 59 ] 

1 ( 88 ) 
1 ( 89 ) 
1 ( 90 ) 
1 ( 91 ) 
1 ( 92 ) 
1 ( 93 ) 
1 ( 94 ) 
1 ( 95 ) 
1 ( 96 ) 
1 ( 97 ) 
1 ( 98 ) 
1 ( 99 ) 
1 ( 100 ) 
1 ( 101 ) 
1 ( 102 ) 
1 ( 103 ) 
1 ( 104 ) 
1 ( 105 ) 
1 ( 106 ) 
1 ( 107 ) 
1 ( 108 
1 ( 109 ) 
1 ( 110 ) 
1 ( 111 ) 
1 ( 112 ) 
1 ( 113 ) 
1 ( 114 ) 
1 ( 115 ) 00000000000000000000000oouuuuuuuuuuuuuuuuuuuuuuuu N [ ( L1 ) a1 - ( R1 ) bi ] 

N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 0 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 63 ] 0 
Si [ ( L2 ) , 2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 63 ] 0 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] , O 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] , 0 
Si [ ( L2 ) ?2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] , 
Si [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] , 

O 
N [ ( L7 ) a7 - ( R7 ) 57 ] 
C [ ( Ls ) as - ( R3 ) b8 ] [ ( L9 ) 29 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) 18 ] [ ( L9 ) a9 - ( Ro ) bg ] 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a - ( R2 ) 68 ] [ ( L . ) 9 - ( RO ) 59 ] 
Si [ ( Ls ) a8 - ( Re ) b8 ] [ ( L9 ) ag - ( R9 ) b9 ] 

N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) as - ( Rg ) b8 ] [ ( L9 ) ?9 - ( R9 ) 59 ] 
Si [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) bg ] 
O 

00000 
N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) as - ( R3 ) 58 ] [ ( L . ) 49 - ( R , ) 59 ] 
Si [ ( L3 ) a8 - ( R3 ) 18 ] [ ( L9 ) a9 - ( R9 ) 59 ] 

| 

8 

According to another embodiment , in Formula 1 , X2 = X2 ; X2 + Xz ; or 
X , may be C [ ( L5 ) as - ( Rs ) 65 ] [ ( L ) 26 - ( Ro ) bo ] , Si [ ( L5 ) as - X1 X2 ; X2 = Xz ; or 

( R3 ) 55 ] [ ( L . ) 26 - ( Ro ) b6 ] , S , or O ( as shown in Formulae 1 ( 17 ) X2 X2 Xz . 
to 1 ( 115 ) ) . 65 . For example , in Formula 1 , 

According to another embodiment , in Formula 1 , X2 = X , and X2 + Xz ; 
X2 = X2 = Xz ; or X = X , and X2 = Xz ; or 
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X + X27X3 , perylenylene group , pentaphenylene group , hexacenylene 
but X1 , X2 , and Xz may not always satisfy these relation group , pentacenylene group , rubicenylene group , corone 

ships . nylene group , ovalenylene group , pyrrolylene group , thio 
According to another embodiment , in Formula 1 , phenylene group , furanylene group , imidazolylene group , 

X , may be N [ ( Li ) al - ( R1 ) b? ] ; 5 pyrazolylene group , thiazolylene group , isothiazolylene 
X , may be N [ ( L4 ) a4 - ( R4 ) b4 ] ; or group , oxazolylene group , isooxazolylene group , pyridi 
Xz may be N [ ( L7 ) az - ( R7 ) 67 ] nylene group , pyrazinylene group , pyrimidinylene group , 

That is , at least one of X1 , X2 , and X2 in Formula 1 may pyridazinylene group , isoindolylene group , indolylene 
include N . 
According to another embodiment , in Formula 1 , 10 group , indazolylene group , purinylene group , quinolinylene 

group , isoquinolinylene group , benzoquinolinylene group , X , may be N [ ( L1 ) a1 - ( Ri ) bi ] and X3 may be N [ ( L7 ) a7 phthalazinylene group , naphthyridinylene group , quinoxali ( R2 ) 67 ] ( see Formula 1 ( 91 ) ) . 
According to another embodiment , the condensed cyclic nylene group , quinazolinylene group , cinnolinylene group , 

compound may be represented by Formulae 1 ( 81 ) , 1 ( 70 ) , carbazolylene group , phenanthridinylene group , acridi 
1 ( 15 ) , 1 ( 92 ) , or 1 ( 106 ) , but may also be represented by other 15 hylene d by other 15 nylene group , phenanthrolinylene group , phenazinylene 
formulae . group , benzoimidazolylene group , benzofuranylene group , 

L , to L . , L . , and L , , in Formula 1 may be each inde - benzothiophenylene group , isobenzothiazolylene group , 
pendently a substituted or unsubstituted Cz - C , , cycloalky - benzooxazolylene group , isobenzooxazolylene group , triaz 
lene group , a substituted or unsubstituted C3 - C10 heterocy - olylene group , tetrazolylene group , oxadiazolylene group , 
cloalkylene group , a substituted or unsubstituted Cz - C10 20 triazinylene group , dibenzofuranylene group , dibenzothio 
cycloalkenylene group , a substituted or unsubstituted phenylene group , benzocarbazolylene group , dibenzocarba 
Cz - C10 heterocycloalkenylene group , a substituted or unsub zolylene , imidazopyridinylene group , or imidazopyrimidi 
stituted Co - C60 arylene group , a substituted or unsubstituted nylene group , each substituted with at least one group 
C2 - C60 heteroarylene group , a substituted or unsubstituted selected from a deuterium , — F , Cl , Br , - I , a hydroxyl 
bivalent non - aromatic condensed polycyclic group , or a 25 group , a cyano group , a nitro group , an amino group , an 
substituted or unsubstituted divalent non - aromatic hetero - amidino group , a hydrazine group , a hydrazone group , a 
condensed polycyclic group . carboxylic acid or a salt thereof , a sulfonic acid or a salt 

According to an embodiment , in Formula 1 , L , to L9 , L11 , thereof , a phosphoric acid or a salt thereof , a C , - C20 alkyl 
and L12 are each independently group , a C1 - C20 alkoxy group , phenyl group , pentalenyl 

phenylene group , pentalenylene group , indenylene group , 30 group , indenyl group , naphthyl group , azulenyl group , hep 
naphthylene group , azulenylene group , heptalenylene group , talenyl group , indacenyl group , acenaphthyl group , fluorenyl 
indacenylene group , acenaphthylene group , fluorenylene group , spiro - fluorenyl group , benzofluorenyl group , diben 
group , spiro - fluorenylene group , benzofluorenylene group , zofluorenyl group , phenalenyl group , phenanthrenyl group , 
dibenzofluorenylene group , phenalenylene group , phenan anthracenyl group , fluorantenyl group , triphenylenyl group , 
threnylene group , anthracenylene group , fluoranthenylene 35 pyrenyl group , chrysenyl group , naphthacenyl group , pyce 
group , triphenylenylene group , pyrenylene group , chryse - nyl group , perylenyl group , pentaphenyl group , hexacenyl 
nylene group , naphthacenylene group , picenylene group , group , pentacenyl group , rubicenyl group , coronenyl group , 
perylenylene group , pentaphenylene group , hexacenylene ovalenyl group , pyrrolyl group , thiophenyl group , furanyl 
group , pentacenylene group , rubicenylene group , corone group , imidazolyl group , pyrazolyl group , thiazolyl group , 
nylene group , ovalenylene group , pyrrolylene group , thio - 40 isothiazolyl group , oxazolyl group , isooxazolyl group , 
phenylene group , furanylene group , imidazolylene group , pyridinyl group , pyrazinyl group , pyrimidinyl group , 
pyrazolylene group , thiazolylene group , isothiazolylene pyridazinyl group , isoindolyl group , indolyl group , inda 
group , oxazolylene group , isooxazolylene group , pyridi zolyl group , purinyl group , quinolinyl group , isoquinolinyl 
nylene group , pyrazinylene group , pyrimidinylene group , group , benzoquinolinyl group , phthalazinyl group , naphthy 
pyridazinylene group , isoindolylene group , indolylene 45 ridinyl group , quinoxalinyl group , quinazolinyl group , cin 
group , indazolylene group , purinylene group , quinolinylene nolinyl group , carbazolyl group , phenanthridinyl group , 
group , isoquinolinylene group , benzoquinolinylene group , acridinyl group , phenanthrolinyl group , phenazinyl group , 
phthalazinylene group , naphthyridinylene group , quinoxali - benzoimidazolyl group , benzofuranyl group , benzothiophe 
nylene group , quinazolinylene group , cinnolinylene group , nyl group , isobenzothiazolyl group , benzooxazolyl group , 
carbazolylene group , phenanthridinylene group , acridi - 50 isobenzooxazolyl group , triazolyl group , tetrazolyl group , 
nylene group , phenanthrolinylene group , phenazinylene oxadiazolyl group , triazinyl group , dibenzofuranyl group , 
group , benzoimidazolylene group , benzofuranylene group , dibenzothiophenyl group , benzocarbazolyl group , dibenzo 
benzothiophenylene group , isobenzothiazolylene group , carbazolyl group , imidazopyridinyl group , imidazopyridinyl 
benzooxazolylene group , isobenzooxazolylene group , triaz group , and — Si ( Q33 ) ( Q34 ) ( Q35 ) . Herein , Q33 to Q35 may be 
olylene group , tetrazolylene group , oxadiazolylene group , 55 each independently a hydrogen , a deuterium , - F , CI , 
triazinylene group , dibenzofuranylene group , dibenzothio Br , — I , a hydroxyl group , a cyano group , a nitro group , 
phenylene group , benzocarbazolylene group , dibenzocarba - an amino group , an amidino group , a hydrazine group , a 
zolylene group , or imidazopyridinylene group or imidazopy hydrazone group , a carboxylic acid or a salt thereof , a 
rimidinylene group ; or sulfonic acid or a salt thereof , a phosphoric acid or a salt 

phenylene group , pentalenylene group , indenylene group , 60 thereof , a C . - C20 alkyl group , a C - C20 alkoxy group , phenyl 
naphthylene group , azulenylene group , heptalenylene group , group , naphthyl group , anthracenyl group , pyrenyl group , 
indacenylene group , acenaphthylene group , fluorenylene phenanthrenyl group , fluorenyl group , chrysenyl group , car 
group , spiro - fluorenylene group , benzofluorenylene group , bazolyl group , benzocarbazolyl group , dibenzocarbazolyl 
dibenzofluorenylene group , phenalenylene group , phenan group , dibenzofuranyl group , dibenzothiophenyl group , 
threnylene group , anthracenylene group , fluoranthenylene 65 pyridinyl group , pyrimidinyl group , triazinyl group , quino 
group , triphenylenylene group , pyrenylene group , chryse - linyl group , isoquinolinyl group , quinazolinyl group , or 
nylene group , naphthacenylene group , picenylene group , quinoxalinyl group . 
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? According t0 allothereinbodiiTeiit , illFormniula1 , Lu [ 0L9 - continued 
Formula2 - 10 L11 , and L12 are each independently represented by one of 

Formlulae 2 - 1 [ 0 2 - 33 : ( Zu ) d2 

? 5 
Formula2 - 1 

( Luid1 

Formula 2 - 11 
( Zu ) d2 

10 
? ? 

Formula2 - 2 ???? ( Zu ) d1 
? Formula2 - 12 

( Zu ) d2 

Formula2 - 3 

( Zu ) d3 30 Formula2 - 13 
17 

' ? ' 

Formula2 - 4 

% ? 
25 

Formula2 - 14 
{ ZWH } 

( L1d3 30 
Formula2 - 5 

Formula2 - 15 
( Zid5 

35 

Formula2 - 16 
{ Za5 

Formula2 - 6 
40 

{ Zu ) d4 Formula2 - 1 ? 
( Zu ) d5 ???? 45 

Formula2 / k ? | ? 

Formula 2 - 18 
50 { Zuid5 10d4 

" % £ 

Formula 2 - 8 

55 Formula2 - 19 
( Zu ) d2 ( Zu ) d5 

( Z2 / d6 
% E 

Formula 2 - 9 Formula2 - 20 
( Zu ) d2 { Z0d5 

= = 
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- continued 
16 

- continued 
Formula 2 - 21 Formula 2 - 30 

( Z1 ) d5 ( Z1 ) 2 

* ( Z2 ) 2 
* 

Formula 2 - 22 
( Z1d5 

10 
Formula 2 - 31 

* ( Z1 ) d2 
* 

Formula 2 - 23 
15 ( Z2 ) 2 

N N 
Formula 2 - 32 

* 
N * 20 20 ( Z1bai 

Formula 2 - 24 

( 22 ) 2 

i 25 
Formula 2 - 33 

Formula 2 - 25 * 

30 ( Z2 ) 2 

Formula 2 - 26 

* * 
35 

* 

Formula 2 - 27 40 
( Z1d6 

45 

* 

Formula 2 - 28 

wherein in Formulae 2 - 1 to 2 - 33 , 
Y , may be O , S , S ( = O ) , S ( = O ) 2 , C ( Z3 ) ( 24 ) , N ( Z5 ) , or 

Si ( Z ) ( 27 ) ; 
Z to Z , are each independently a hydrogen , a deuterium , 

- F , Cl , Br , I , a hydroxyl group , a cyano group , a 
nitro group , an amino group , an amidino group , a hydrazine 
group , a hydrazone group , a carboxylic acid or a salt thereof , 
a sulfonic acid or a salt thereof , a phosphoric acid or a salt 
thereof , a C - C60 alkyl group , a C2 - C60 alkenyl group , a 
C2 - C60 alkynyl group , a C1 - C60 alkoxy group , a Cz - C10 
cycloalkyl group , a Cz - C10 heterocycloalkyl group , a Cz - C10 
cycloalkenyl group , a C3 - C10 heterocycloalkenyl group , a 
Co - Coo aryl group , a Co - Co aryloxy group , a Co - Coo arylthio 
group , a substituted or unsubstituted C . - C . arylalkyl group , 
a C2 - C60 heteroaryl group , a substituted or unsubstituted 
C2 - C6 heteroaryloxy group , a substituted or unsubstituted 
C . - C . heteroarylthio group , a substituted or unsubstituted 
Cz - C6 heteroarylalkyl group , a monovalent non - aromatic 
condensed polycyclic group , a monovalent non - aromatic 
condensed heteropolycyclic group , — N ( Q31 ) ( Q32 ) , Si 
( Q33 ) Q34 ) ( Q3s ) , or — B ( Qu ( Q35 ) ( Q31 to Q3s are under 
stood by referring to the description provided herein ) ; 
dl is an integer of 1 to 4 ; 
d2 is an integer of 1 to 3 ; 
d3 is an integer of 1 to 6 ; 
d4 is an integer of 1 to 8 ; 
d5 is 1 or 2 ; and 
d6 is an integer of 1 to 5 ; and 
* and * ' may each be a binding site to a neighboring atom . 

( Z1d6 

* 
* 

Formula 2 - 29 
( 21 ) d2 

( 22 ) 82 
* 65 
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For example , 
* in Formulae 2 - 1 to 2 - 32 indicates a binding site to the core 
of Formula 1 or each of neighboring L , to L9 , L11 , and L12 , 

18 
- continued 

Formula 3 - 6 

and 

Formula 3 - 7 

10 

Formula 3 - 8 

* 

Formula 3 - 9 

20 

* ' in Formulae 2 - 1 to 2 - 33 indicates a binding site to each 5 
of neighboring L? to L9 , L11 , and L12 or each of R , to Rg , 
R11 , and R12 

For example , Z , to Z , in Formulae 2 - 1 to 2 - 33 may be 
each independently a hydrogen , a deuterium , — F , — C1 , 
- Br , — 1 , a hydroxyl group , a cyano group , a nitro group , 
an amino group , an amidino group , a hydrazine group , a 
hydrazone group , a carboxylic acid or a salt thereof , a 
sulfonic acid or a salt thereof , a phosphoric acid or a salt 
thereof , a C , - C20 alkyl group , a C , - C20 alkoxy group , phenyl 
group , naphthyl group , anthracenyl group , pyrenyl group , 
phenanthrenyl group , fluorenyl group , chrycenyl group , 15 
carbazolyl group , benzocarbazolyl group , dibenzocarba 
zolyl group , dibenzofuranyl group , dibenzothiophenyl 
group , pyridinyl group , pyrimidinyl group , triazinyl group , 
quinolinyl group , isoquinolinyl group , quinazolinyl group , 
quinoxalinyl group , or — Si ( Q33 ) ( Q34 ) ( Q35 ) , 

wherein Qzz to Q3s are each independently a hydrogen , a 
deuterium , - F , - Cl , Br , I , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid or a 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric 25 
acid or a salt thereof , a C , - C20 alkyl group , a C , - C20 alkoxy 
group , phenyl group , naphthyl group , anthracenyl group , 
pyrenyl group , phenanthrenyl group , fluorenyl group , 
chrycenyl group , carbazolyl group , benzocarbazolyl group , 
dibenzocarbazolyl group , dibenzofuranyl group , dibenzoth - 30 
iophenyl group , pyridinyl group , pyrimidinyl group , triazi 
nyl group , quinolinyl group , isoquinolinyl group , quinazoli 
nyl group , or quinoxalinyl group , but they are not limited 
thereto . 

According to another embodiment , L , to L9 , L11 , and L12 35 
in Formula 1 are each independently represented by one of 
Formulae 3 - 1 to 3 - 59 : 

Formula 3 - 10 

* 

Formula 3 - 11 88888888888 * 1 

Formula 3 - 12 

Formula 3 - 13 
Formula 3 - 1 40 

* Formula 3 - 14 

45 Formula 3 - 2 la 3 - 2 

Formula 3 - 15 
50 NN Formula 3 - 3 

? ? ? ? ? 
55 Formula 3 - 16 

Formula 3 - 4 

60 XI Formula 3 - 17 

Formula 3 - 5 
* 



US 10 , 032 , 985 B2 
19 

- continued 
20 

- continued 
Formula 3 - 113 - 18 Formula 3 - 25 

Formula 3 - 113 - 19 10 

Formula 3 - 26 
* 

5 

Formula 3 - 113 - 20 

20 

' N ' * 

Formula 3 - 27 

25 
Formula 3 - 113 - 21 

30 ) 

SN * $ ! 

Formula 3 - 28 

* ! 
35 

Formula 3 - 22 

4 ) 

* ! be / 

45 

Formula 3 - 23 Formula 3 - 29 

50 

SS 
* ? 

Formula 3 - 24 Formula 3 - 30 

* * * # ? 
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- continued 
22 

- continued 
Formula 3 - 31 Formula 337 

10 
* ! & ! 

Formula 3 - 32 Formula 3 - 38 

2 ) 

* ! N 
Formula 3 - 33 Formula 3 - 39 

5 

* 30 ) 

# ! * ! 

Formula 3 - 34 

* 35 

Forrmula 3 - 40 

* 4 ) 

' … ! 

43 * N 

Formula 3 - 3 Formula 3 - 41 

50 

N ' IN 

5 
' … ! 

Formula 3 - 36 Formula 3 - 42 

N " N 

* # ? 
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- continued - continued 
Formula 3 - 43 Formula 3 - 49 

N ' N 

10 
/ N * * 

Formula 3 - 44 

5 

Forrmula 3 - 50 
NNN 

2 ) 

Formula 3 - 45 
NNN 

5 
* ! 

Formula 3 - 51 

30 ) 

35 

Formula 3 - 46 SN * 

Forrmula 3 - 52 

4 ) 

N ' S 

NNN 
* ? 45 

Forrmula 3 - 47 # ? 

50 

Formula 3 - 53 

? 5 

Formula 3 - 48 

Formula 3 - 54 

* NA ' … ! 
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5 

* 

* 

* 

- continued or 1 . When a12 is 0 , R12 may directly bind to the core of 
Formula 3 - 55 Formula 1 . When a12 is 2 or more , groups L , 2 may be 

identical or different . 
R , R . , and R , in Formula 1 may be each independently 

a hydrogen , a deuterium , - F , - C1 , — Br , I , a hydroxyl 
group , a cyano group , a nitro group , an amino group , an 
amidino group , a hydrazine group , a hydrazone group , a 
carboxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a substituted or 

10 unsubstituted C , - C6 alkyl group , a substituted or unsubsti 
tuted C2 - C60 alkenyl group , a substituted or unsubstituted 
C2 - C60 alkynyl group , a substituted or unsubstituted C , - C60 
alkoxy group , a substituted or unsubstituted C2 - C1 

Formula 3 - 56 cycloalkyl group , a substituted or unsubstituted C3 - C10 
15 heterocycloalkyl group , a substituted or unsubstituted 

Cz - C1o cycloalkenyl group , a substituted or unsubstituted 
C3 - C10 heterocycloalkenyl group , a substituted or unsubsti 
tuted C . - C60 aryl group , a substituted or unsubstituted 
Co - C60 aryloxy group , a substituted or unsubstituted C . - C . 

Formula 3 - 57 20 arylthio group , a substituted or unsubstituted CZ - C60 arylal 
kyl group , a substituted or unsubstituted C2 - C6 heteroaryl 
group , a substituted or unsubstituted C2 - C6 heteroaryloxy 
group , a substituted or unsubstituted C - C6 heteroarylthio 
group , a substituted or unsubstituted Cz - C6 heteroarylalkyl 

25 group , a substituted or unsubstituted monovalent non - aro 
Formula 3 - 58 matic condensed polycyclic group , or a substituted or unsub 

stituted monovalent non - aromatic condensed heteropolycy 
clic group , and R2 , R3 , Rz , R . , R3 , R9 , R11 , and R12 in 
Formula 1 may be each independently a hydrogen , a deu 

30 terium , — F , Cl , Br , — 1 , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid or a 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric 

Formula 3 - 59 acid or a salt thereof , a substituted or unsubstituted C1 - C60 
alkyl group , a substituted or unsubstituted C2 - C6 alkenyl 
group , a substituted or unsubstituted C2 - C60 alkynyl group , 
a substituted or unsubstituted C1 - C60 alkoxy group , a sub 
stituted or unsubstituted Cz - C10 cycloalkyl group , a substi 
tuted or unsubstituted Cz - C10 heterocycloalkyl group , a 

40 substituted or unsubstituted C3 - C10 cycloalkenyl group , a 
substituted or unsubstituted C3 - C10 heterocycloalkenyl 
group , a substituted or unsubstituted Co - C60 aryl group , a 
substituted or unsubstituted Co - C60 aryloxy group , a substi 
tuted or unsubstituted C . - C . arylthio group , a substituted or 

wherein in Formulae 3 - 1 to 3 - 57 , 45 unsubstituted C . - C . arylalkyl group , a substituted or unsub 
* and * ' may each indicate a binding site to a neighboring stituted C2 - C6 heteroaryl group , a substituted or unsubsti 

atom . tuted C2 - C6 heteroaryloxy group , a substituted or unsub 
al in Formula 1 indicates the number of L , , and may be stituted C2 - C60 heteroarylthio group , a substituted or 

0 , 1 , 2 , 3 , 4 or 5 , for example , 0 , 1 or 2 , or for example , O unsubstituted C3 - C60 heteroarylalkyl group , a substituted or 
or 1 . When al is 0 , R , may directly bind to N . When al is 50 unsubstituted monovalent non - aromatic condensed polycy 
2 or more , groups L , may be identical or different . a4 and az clic group , a substituted or unsubstituted monovalent non 
may be understood by referring to the description provided aromatic condensed heteropolycyclic group , — N ( Q . ) ( Q ) , 
in connection with al and Formula 1 . Si ( Q ) ( QA ) ( ) , or — B ( Q ) ( Q ) . 

a2 in Formula 1 indicates the number of L2 , and may be Qi to Q7 , Qu to Q17 , Q21 to Q27 , and Q31 to Q37 used 
0 , 1 , 2 , 3 , 4 or 5 , for example , 0 , 1 or 2 , or for example , o 55 herein are each independently 

a hydrogen , a deuterium , F , Cl , Br , - I , a hydroxyl or 1 . When a2 is 0 , R , may directly bind to C or Si . When 
a2 is 2 or more , groups L2 may be identical or different . a3 , group , a cyano group , a nitro group , an amino group , an 

amidino group , a hydrazine group , a hydrazone group , a a5 , a6 , a8 , and a9 may be understood by referring to the carboxylic acid or a salt thereof , a sulfonic acid or a salt description provided in connection with a2 and Formula 1 . - 60 thereof , a phosphoric acid or a salt thereof , a C , - C60 alkyl 
all in Formula 1 indicates the number of L11 , and may be group , a C - C alkenyl group , a C . - C . alkynyl group ora 

0 , 1 , 2 , 3 , 4 or 5 , for example , 0 , 1 or 2 , or for example , 0 C . - C . alkoxy group ; 
or 1 . When all is 0 , Ru may directly bind to the core of a C . - C . alkyl group , a C . - C . alkenyl group , a C . - C . 
Formula 1 . When all is 2 or more , groups Lu may be alkynyl group , or a C . - C . alkoxy group , each substituted 
identical or different . 65 with at least group one selected from a deuterium , - F , C1 , 

al2 in Formula 1 indicates the number of L12 , and may be — Br , — I , a hydroxyl group , a cyano group , a nitro group , 
0 , 1 , 2 , 3 , 4 or 5 , for example , 0 , 1 or 2 , or for example , an amino group , an amidino group , a hydrazine group , a 

* 

* 
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28 
hydrazone group , a carboxylic acid or a salt thereof , a nolinyl group , isoquinolinyl group , benzoquinolinyl group , 
sulfonic acid or a salt thereof , a phosphoric acid or a salt phthalazinyl group , naphthyridinyl group , quinoxalinyl 
thereof , a C3 - C1o cycloalkyl group , a Cz - C10 heterocy group , quinazolinyl group , cinnolinyl group , carbazolyl 
cloalkyl group , a Cz - C10 cycloalkenyl group , a C3 - C1o group , phenanthridinyl group , acridinyl group , phenan 
heterocycloalkenyl group , a Co - C60 aryl group , a Co - C60 5 throlinyl group , phenazinyl group , benzoimidazolyl group , 
aryloxy group , a Co - C60 arylthio group , a substituted or benzofuranyl group , benzothiophenyl group , isobenzothiaz 
unsubstituted CZ - C60 arylalkyl group , a C2 - C60 heteroaryl olyl group , benzooxazolyl group , isobenzooxazolyl group , 
group , a substituted or unsubstituted C2 - C6 heteroaryloxy triazolyl group , tetrazolyl group , oxadiazolyl group , triazi group , a substituted or unsubstituted C , - C6 heteroarylthio nyl group , dibenzofuranyl group , dibenzothiophenyl group , group , a substituted or unsubstituted C3 - C6 heteroarylalkyl 10 benzocarbazolyl group , dibenzocarbazolyl group , imida group , a monovalent non - aromatic condensed polycyclic zopyridinyl group , imidazopyrimidinyl group , or a group group , and a monovalent non - aromatic condensed heteropo 
lycyclic group ; represented by 

a Cz - C1o cycloalkyl group , a C3 - C10 heterocycloalkyl 
group , a Cz - C10 cycloalkenyl group , a C3 - C10 heterocy - 15 
cloalkenyl group , a Co - C60 aryl group , a Co - Coo aryloxy 
group , a C . - C . arylthio group , a substituted or unsubsti 
tuted C . - C . arylalkyl group , a C2 - C6 heteroaryl group , a 
substituted or unsubstituted C2 - C60 heteroaryloxy group , a 
substituted or unsubstituted C2 - C60 heteroarylthio group , a 20 
substituted or unsubstituted C3 - C6 heteroarylalkyl group , a 
monovalent non - aromatic condensed polycyclic group , or a 
monovalent non - aromatic condensed heteropolycyclic 
group ; and or 

a C3 - C10 cycloalkyl group , a C3 - C10 heterocycloalkyl 25 phenyl group , pentalenyl group , indenyl group , naphthyl 
group , a Cz - C10 cycloalkenyl group , a Cz - C10 heterocy group , azulenyl group , heptalenyl group , indacenyl group , 
cloalkenyl group , a Co - C60 aryl group , a Co - C60 aryloxy acenaphthyl group , fluorenyl group , spiro - fluorenyl group , 
group , a C6 - C60 arylthio group , a substituted or unsubsti benzofluorenyl group , dibenzofluorenyl group , phenalenyl 
tuted CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a group , phenanthrenyl group , anthracenyl group , fluorantenyl 
substituted or unsubstituted C2 - C60 heteroaryloxy group , a 30 group , triphenylenyl group , pyrenyl group , chrysenyl group , 
substituted or unsubstituted C2 - C60 heteroarylthio group , a naphthacenyl group , pycenyl group , perylenyl group , pen 
substituted or unsubstituted C3 - C6 heteroarylalkyl group , a taphenyl group , hexacenyl group , pentacenyl group , rubice 
monovalent non - aromatic condensed polycyclic group , or a nyl group , coronenyl group , ovalenyl group , pyrrolyl group , 
monovalent non - aromatic condensed heteropolycyclic thiophenyl group , furanyl group , imidazolyl group . pyra 
group , each substituted with at least one group selected from 35 zolyl group , thiazolyl group , isothiazolyl group , oxazolvl 
a deuterium , F , Cl , Br , — 1 , a hydroxyl group , a cyano group , isooxazolyl group , pyridinyl group , pyrazinyl group , 
group , a nitro group , an amino group , an amidino group , a pyrimidinyl group , pyridazinyl group , isoindolyl group , hydrazine group , a hydrazone group , a carboxylic acid or a indolyl group , indazolyl group , purinyl group , quinolinyl 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric group , isoquinolinyl group , benzoquinolinyl group , 
acid or a salt thereof , a C , - C60 alkyl group , a C2 - C60 alkenyl 40 phthalazinyl group , naphthyridinyl group , quinoxalinyl 
group , a C2 - C . alkynyl group , a C1 - C60 alkoxy group , a group , quinazolinyl group , cinnolinyl group , carbazolyl 
Cz - C10 cycloalkyl group , a Cz - C10 heterocycloalkyl group , a group , phenanthridinyl group , acridinyl group , phenan Cz - C10 cycloalkenyl group , a C3 - C10 heterocycloalkenyl throlinyl group , phenazinyl group , benzoimidazolyl group , 
group , a C6 - C60 aryl group , a C6 - C60 aryloxy group , a benzofuranyl group , benzothiophenyl group , isobenzothiaz 
C6 - C60 arylthio group , a substituted or unsubstituted C7 - C60 45 olyl group , benzooxazolyl group , isobenzooxazolyl group . 
arylalkyl group , a C2 - C6 heteroaryl group , a substituted or triazolyl group , tetrazolyl group , oxadiazolyl group , triazi 
unsubstituted C2 - C60 heteroaryloxy group , a substituted or nyl group , dibenzofuranyl group , dibenzothiophenyl group , 
unsubstituted C2 - C6 heteroarylthio group , a substituted or benzocarbazolyl group , dibenzocarbazolyl group , imida 
unsubstituted C3 - C6 heteroarylalkyl group , a monovalent zopyridinyl group , imidazopyrimidinyl group , or a group 
non - aromatic condensed polycyclic group , and a monova - 50 ensed polycyclic group , and a monova - 30 represented by 
lent non - aromatic condensed heteropolycyclic group . 

According to an embodiment , R1 , R4 , and R , may be each 
independently 
phenyl group , pentalenyl group , indenyl group , naphthyl 

group , azulenyl group , heptalenyl group , indacenyl group , 55 
acenaphthyl group , fluorenyl group , spiro - fluorenyl group , 
benzofluorenyl group , dibenzofluorenyl group , phenalenyl 
group , phenanthrenyl group , anthracenyl group , fluoranthe 
nyl group , triphenylenyl group , pyrenyl group , chrysenyl 
group , naphthacenyl group , picenyl group , perylenyl group , 60 
pentaphenyl group , hexacenyl group , pentacenyl group , 
rubicenyl group , coronenyl group , ovalenyl group , pyrrolyl e ach substituted with at least one group selected from a 
group , thiophenyl group , furanyl group , imidazolyl group , deuterium , — F , C1 , — Br , — 1 , a hydroxyl group , a cyano 
pyrazolyl group , thiazolyl group , isothiazolyl group , group , a nitro group , an amino group , an amidino group , a 
oxazolyl group , isooxazolyl group , pyridinyl group , pyrazi - 65 hydrazine group , a hydrazone group , a carboxylic acid or a 
nyl group , pyrimidinyl group , pyridazinyl group , isoindolyl salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
group , indolyl group , indazolyl group , purinyl group , qui - acid or a salt thereof , a C1 - C20 alkyl group , a C , - C20 alkoxy 



US 10 , 032 , 985 B2 
29 30 

group , — Si ( Q33 ) ( Q34 ) ( Q35 ) , phenyl group , pentalenyl group , thiophenyl group , furanyl group , imidazolyl group , 
group , indenyl group , naphthyl group , azulenyl group , hep - pyrazolyl group , thiazolyl group , isothiazolyl group , 
talenyl group , indacenyl group , acenaphthyl group , fluorenyl oxazolyl group , isooxazolyl group , pyridinyl group , pyrazi 
group , spiro - fluorenyl group , benzofluorenyl group , diben - nyl group , pyrimidinyl group , pyridazinyl group , isoindolyl 
zofluorenyl group , phenalenyl group , phenanthrenyl group , 5 group , indolyl group , indazolyl group , purinyl group , qui 
anthracenyl group , fluorantenyl group , triphenylenyl group , nolinyl group , isoquinolinyl group , benzoquinolinyl group , 
pyrenyl group , chrysenyl group , naphthacenyl group , pyce phthalazinyl group , naphthyridinyl group , quinoxalinyl nyl group , perylenyl group , pentaphenyl group , hexacenyl group , quinazolinyl group , cinnolinyl group , carbazoly1 group , pentacenyl group , rubicenyl group , coronenyl group , group , phenanthridinyl group , acridinyl group , phenan ovalenyl group , pyrrolyl group , thiophenyl group , furanyl 10 throlinyl group , phenazinyl group , benzoimidazolyl group , group , imidazolyl group , pyrazolyl group , thiazolyl group , benzofuranyl group , benzothiophenyl group , isobenzothiaz isothiazolyl group , oxazolyl group , isooxazolyl group , olyl group , benzooxazolyl group , isobenzooxazolyl group , pyridinyl group , pyrazinyl group , pyrimidinyl group , 
pyridazinyl group , isoindolyl group , indolyl group , inda triazolyl group , tetrazolyl group , oxadiazolyl group , triazi 
zolyl group , purinyl group , quinolinyl group , isoquinolinyl 15 nyt isoquinolinyl 15 nyl group , dibenzofuranyl group , dibenzothiophenyl group , 
group , benzoquinolinyl group , phthalazinyl group , naphthy benzocarbazolyl group , dibenzocarbazolyl group , imida 

nyl group , quinoxalinyl group , quinazolinyl group , cin - zopyridinyl group , imidazopyrimidinyl group , or a group 
nolinyl group , carbazolyl group , phenanthridinyl group , represented by 
acridinyl group , phenanthrolinyl group , phenazinyl group , 
benzoimidazolyl group , benzofuranyl group , benzothiophe - 20 
nyl group , isobenzothiazolyl group , benzooxazolyl group , 
isobenzooxazolyl group , triazolyl group , tetrazolyl group , 
oxadiazolyl group , triazinyl group , dibenzofuranyl group , 
dibenzothiophenyl group , benzocarbazolyl group , dibenzo 
carbazolyl group , imidazopyridinyl group , and imidazopy - 25 
rimidinyl group , 

wherein Q33 to Q3s are each independently a hydrogen , a 
deuterium , - F , - C1 , — Br , — I , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid or a 30 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric phenyl group , pentalenyl group , indenyl group , naphthyl 
acid or a salt thereof , a C - C20 alkyl group , a C , - C20 alkoxy group , azure group , azulenyl group , heptalenyl group , indacenyl group , 
group , phenyl group , naphthyl group , anthracenyl group , acenaphthyl group , fluorenyl group , spiro - fluorenyl group , 
pyrenyl group , phenanthrenyl group , fluorenyl group , benzofluorenyl group , dibenzofluorenyl group , phenalenyl 
chrycenyl group , carbazolyl group , benzocarbazolyl group , 35 group , phenanthrenyl group , anthracenyl group , fluorantenyl 
dibenzocarbazolyl group , dibenzofuranyl group , dibenzoth group , triphenylenyl group , pyrenyl group , chrysenyl group , 
iophenyl group , pyridinyl group , pyrimidinyl group , triazi - naphthacenyl group , pycenyl group , perylenyl group , pen 
nyl group , quinolinyl group , isoquinolinyl group , quinazoli - taphenyl group , hexacenyl group , pentacenyl group , rubice 
nyl group , or quinoxalinyl group , but they are not limited nyl group , coronenyl group , ovalenyl group , pyrrolyl group , 
thereto . 40 thiophenyl group , furanyl group , imidazolyl group , pyra 

According to another embodiment , R2 , R3 , R5 , R6 , R3 , Ry , zolyl group , thiazolyl group , isothiazolyl group , oxazolyl 
R11 , and R 12 in Formula 1 may be each independently group , isooxazolyl group , pyridinyl group , pyrazinyl group , 

a hydrogen , a deuterium , — F , C1 , — Br , — 1 , a hydroxyl pyrimidinyl group , pyridazinyl group , isoindolyl group , 
group , a cyano group , a nitro group , an amino group , an indolyl group , indazolyl group , purinyl group , quinolinyl 
amidino group , a hydrazine group , a hydrazone group , a 45 group , isoquinolinyl group , benzoquinolinyl group , 
carboxylic acid or a salt thereof , a sulfonic acid or a salt phthalazinyl group , naphthyridinyl group , quinoxalinyl 
thereof , a phosphoric acid or a salt thereof , a C , - C20 alkyl group , quinazolinyl group , cinnolinyl group , carbazolyl 
group , or a C1 - C20 alkoxy group ; group , phenanthridinyl group , acridinyl group , phenan 

a C - C20 alkyl group or a C - C20 alkoxy group , each throlinyl group , phenazinyl group , benzoimidazolyl group , 
substituted with at least one group selected from a deute - 50 benzofuranyl group , benzothiophenyl group , isobenzothiaz 
rium , F , C1 , Br , I , a hydroxyl group , a cyano group , olyl group , benzooxazolyl group , isobenzooxazolyl group , 
a nitro group , an amino group , an amidino group , a hydra - triazolyl group , tetrazolyl group , oxadiazolyl group , triazi 
zine group , a hydrazone group , a carboxylic acid or a salt nyl group , dibenzofuranyl group , dibenzothiophenyl group , 
thereof , a sulfonic acid or a salt thereof , a phosphoric acid benzocarbazolyl group , dibenzocarbazolyl group , imida 
or a salt thereof , phenyl group , naphthyl group , anthracenyl 55 zopyridinyl group , imidazopyrimidinyl group , or a group 
group , pyrenyl group , phenanthrenyl group , pyridinyl group , represented by 
pyrimidinyl group , triazinyl group , quinolinyl group , iso 
quinolinyl group , and quinazolinyl group ; 

phenyl group , pentalenyl group , indenyl group , naphthyl 
group , azulenyl group , heptalenyl group , indacenyl group , 60 
acenaphthyl group , fluorenyl group , spiro - fluorenyl group , 
benzofluorenyl group , dibenzofluorenyl group , phenalenyl 
group , phenanthrenyl group , anthracenyl group , fluoranthe 
nyl group , triphenylenyl group , pyrenyl group , chrysenyl 
group , naphthacenyl group , picenyl group , perylenyl group , 65 
pentaphenyl group , hexacenyl group , pentacenyl group , 
rubicenyl group , coronenyl group , ovalenyl group , pyrrolyl 
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one of Formulae 4 - 1 to 4 - 27 : 

Formula 4 - 1 
( 231 ) el 

Formula 4 - 2 

( Z31 ) e2 

Formula 4 - 3 

Z31 ) e2 

Formula 4 - 4 

- ( Z31 ) 64 

- ( Z31 ) 64 

Formula 4 - 4 

131 

each substituted with at least one group selected from a 
deuterium , - F , - CI , — Br , - I , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid or a 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric 5 
acid or a salt thereof , a C , - C20 alkyl group , a C , - C20 alkoxy 
group , Si ( Q33 ) ( Q34 ) ( Q35 ) , phenyl group , pentalenyl 
group , indenyl group , naphthyl group , azulenyl group , hep 
talenyl group , indacenyl group , acenaphthyl group , fluorenyl 
group , spiro - fluorenyl group , benzofluorenyl group , diben - 10 
zofluorenyl group , phenalenyl group , phenanthrenyl group , 
anthracenyl group , fluorantenyl group , triphenylenyl group , 
pyrenyl group , chrysenyl group , naphthacenyl group , pyce 
nyl group , perylenyl group , pentaphenyl group , hexacenyl 
group , pentacenyl group , rubicenyl group , coronenyl group , 15 
ovalenyl group , pyrrolyl group , thiophenyl group , furanyl 
group , imidazolyl group , pyrazolyl group , thiazolyl group , 
isothiazolyl group , oxazolyl group , isooxazolyl group , 
pyridinyl group , pyrazinyl group , pyrimidinyl group , 
pyridazinyl group , isoindolyl group , indolyl group , inda - 20 
zolyl group , purinyl group , quinolinyl group , isoquinolinyl 
group , benzoquinolinyl group , phthalazinyl group , naphthy 
ridinyl group , quinoxalinyl group , quinazolinyl group , cin 
nolinyl group , carbazolyl group , phenanthridinyl group , 
acridinyl group , phenanthrolinyl group , phenazinyl group , 25 
benzoimidazolyl group , benzofuranyl group , benzothiophe 
nyl group , isobenzothiazolyl group , benzooxazolyl group , 
isobenzooxazolyl group , triazolyl group , tetrazolyl group , 
oxadiazolyl group , triazinyl group , dibenzofuranyl group , 
dibenzothiophenyl group , benzocarbazolyl group , dibenzo - 30 
carbazolyl group , imidazopyridinyl group , and imida 
zopyridinyl group , 

wherein Qzz to Qas are each independently a hydrogen , a 
deuterium , F , Cl , Br , — 1 , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 35 
hydrazine group , a hydrazone group , a carboxylic acid or a 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
acid or a salt thereof , a C , - C20 alkyl group , a C - C20 alkoxy 
group , phenyl group , naphthyl group , anthracenyl group , 
pyrenyl group , phenanthrenyl group , fluorenyl group , 40 
chrycenyl group , carbazolyl group , benzocarbazolyl group , 
dibenzocarbazolyl group , dibenzofuranyl group , dibenzoth 
iophenyl group , pyridinyl group , pyrimidinyl group , triazi 
nyl group , quinolinyl group , isoquinolinyl group , quinazoli 
nyl group , or quinoxalinyl group , but they are not limited 45 
thereto . 

According to another embodiment , 
R1 , R4 , and R , are each independently selected from For 
mulae 4 - 1 to 4 - 27 ; and 

R2 , R3 , Rs , Ro , R8 , R9 , R11 , and R12 are each indepen - 50 dently 
a hydrogen , a deuterium , - F , C1 , - Br , — 1 , a hydroxyl 

group , a cyano group , a nitro group , an amino group , an 
amidino group , a hydrazine group , a hydrazone group , a 
carboxylic acid or a salt thereof , a sulfonic acid or a salt 55 
thereof , a phosphoric acid or a salt thereof , a C , - C20 alkyl 
group , or a C1 - C20 alkoxy group ; 

a C - C20 alkyl group or a C1 - C20 alkoxy group , each 
substituted with at least one group selected from a deute 
rium , - F , - Cl , Br , I , a hydroxyl group , a cyano group , 60 
a nitro group , an amino group , an amidino group , a hydra 
zine group , a hydrazone group , a carboxylic acid or a salt 
thereof , a sulfonic acid or a salt thereof , a phosphoric acid 
or a salt thereof , phenyl group , naphthyl group , anthracenyl 
group , pyrenyl group , phenanthrenyl group , pyridinyl group , 65 
pyrimidinyl group , triazinyl group , quinolinyl group , iso 
quinolinyl group , and quinazolinyl ; or 

( 232 ) e4 

Formula 4 - 5 
( Z31 ) e3 

( Z32 ) e4 

* - 

Formula 4 - 6 
- * 

( Z31 ) e3 
As 

( Z32 ) e4 

1331 
Formula 4 - 7 

( Z31 ) e3 

( Z32 ) 4 

Formula 4 - 8 
( Z31 ) e4 
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- continued - continued 
Formula 4 - 9 Formula 4 - 21 ( 231 ) e4 

- ( Z31 ) e6 

Formula 4 - 10 
( 231 ) e4 

Formula 4 - 22 

? 10 

- ( Z31 ) el 
Formula 4 - 11 

( Z31 ) e3 
Formula 4 - 23 

431 15 

L ( Z31 ) e4 ( Z31 ) e4 
Formula 4 - 12 

( 231 ) e3 Formula 4 - 24 
20 

- 231 
N N Formula 4 - 13 

( 231 ) e3 Formula 4 - 25 

25 

ili 1 1 
( Z32 ) e4 Formula 4 - 14 

( Z31 ) e3 
SEN 30 Formula 4 - 26 

( 231 ) e4 
Formula 4 - 15 

( Z31 ) e5 
35 

3274 Formula 4 - 16 
Formula 4 - 27 

( 231 ) e4 
40 torom U Formula 4 - 17 

45 | - ( 231 ) e6 
( Z32 ) 4 

Formula 4 - 18 

50 
3116 

| - ( Z31 ) e6 

wherein in Formulae 4 - 1 to 4 - 27 , 
Y31 may be O , S , C ( Z33 ) ( 234 ) , N ( Z35 ) , or Si ( 236 ) ( 237 ) ; 
wherein Z31 to 237 are each independently a hydrogen , a 

deuterium , - F , Cl , Br , - I , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid or a 

55 salt thereof , a sulfonic acid or a salt thereof , a phosphoric Formula 4 - 19 
acid or a salt thereof , a C , - C20 alkyl group , a C , - C20 alkoxy 
group , phenyl group , naphthyl group , anthracenyl group , 
pyrenyl group , phenanthrenyl group , fluorenyl group , 
chrycenyl group , carbazolyl group , benzocarbazolyl group , 

Formula 4 - 20 60 dibenzocarbazolyl group , dibenzofuranyl group , dibenzoth 
iophenyl group , pyridinyl group , pyrimidinyl group , triazi 
nyl group , quinolinyl group , isoquinolinyl group , quinazoli 
nyl group , or quinoxalinyl group , but they are not limited 
thereto . 

65 el may be an integer of 1 to 5 ; 
e2 may be an integer of 1 to 7 ; 
e3 may be an integer of 1 to 3 ; 

- ( Z31 ) e6 
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- continued 

Formula 5 - 6 

Formula 5 - 7 
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e4 may be an integer of 1 to 4 ; 
e5 may be 1 or 2 ; 
e6 may be an integer of 1 to 6 ; and 
* indicates a binding site to a neighboring atom . 
For example , el , e2 , e3 , e4 , e5 , and e6 in Formulae 4 - 1 to 

4 - 27 may be each independently 1 or 2 . 
According to another embodiment , in Formula 1 , R1 , R4 , 

and R , are each independently selected from Formulae 5 - 1 10 
to 5 - 51 below ; 
R2 , R3 , R5 , R . , R8 , R9 , R11 , and R12 may be each 

independently 
a hydrogen , a deuterium , - F , C1 , - Br , - 1 , a hydroxyl 15 

group , a cyano group , a nitro group , an amino group , an 
amidino group , a hydrazine group , a hydrazone group , a 
carboxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a C1 - C20 alkyl 
group , or a C1 - C20 alkoxy group ; 20 

a C1 - C20 alkyl group or a C1 - C20 alkoxy group , each 
substituted with at least one group selected from a deute 
rium , — F , — C1 , — Br , — I , a hydroxyl group , a cyano group , 
a nitro group , an amino group , an amidino group , a hydra 
zine group , a hydrazone group , a carboxylic acid or a salt 25 
thereof , a sulfonic acid or a salt thereof , a phosphoric acid 
or a salt thereof , phenyl group , naphthyl group , anthracenyl 
group , pyrenyl group , phenanthrenyl group , pyridinyl group , 
pyrimidinyl group , triazinyl group , quinolinyl group , iso 
quinolinyl group , and quinazolinyl ; or 

one of Formulae 5 - 1 to 5 - 51 : 

Formula 5 - 8 

30 

Formula 5 - 9 
Formula 5 - 1 35 

Formula 5 - 2 
40 

Formula 5 - 10 
Formula 5 - 3 

45 

Formula 5 - 11 
50 

Formula 5 - 4 08880 55 Formula 5 - 12 

Formula 5 - 5 60 
Formula 5 - 13 

65 
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- continued - continued 
Formula 5 - 14 Formula 5 - 21 

Formula 5 - 15 10 
Formula 5 - 22 

Formula 5 - 23 

Formula 5 - 16 Formula 5 - 24 

30 
Formula 5 - 25 * OOOO08 Formula 5 - 17 

35 
Formula 5 - 26 

Formula 5 - 18 40 

Formula 5 - 27 

45 

Formula 5 - 19 

Formula 5 - 28 
50 

N 

55 

Formula 5 - 20 

Formula 5 - 29 

? 
N N 
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- continued - continued 
Formula 5 - 30 Formula 5 - 37 

tu . 

10 ) 

Formula 5 - 31 Formula 5 - 38 

Formula 5 - 39 

20 

Formula 5 - 32 

25 

Formula 5 - 40 ) 

3 ) 

Formula 5 - 41 

dd d8888 
35 

Formula 5 - 33 

AN N 4 ) 

Formula 5 - 42 

Formula 5 - 34 112 534 45 
- 

- - - - NON 
50 ) 

Formula 5 - 43 
Formula 5 - 35 55 

| NNN 

60 ) 
Formula 5 - 44 

Formula 5 - 36 

6 
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- continued - continued 
Formula 5 - 50 preso Formula 5 - 45 o u 

o 10 

ã 

Formula 5 - 46 

20 
Formula 5 - 51 

e 
25 

* 

30 

35 

nt . 
45 

b1 in Formula 1 indicates the number of Ry , and may be Formula 5 - 47 
an integer of 1 to 10 , for example , an integer of 1 to 3 . b1 

as may be 1 or 2 , or 1 . When b1 is 2 or more , groups R , may 
be identical or different . b2 to b9 may be understood by 
referring to the description provided in connection with bl 
and Formula 1 . 

40 b11 in Formula 1 indicates the number of R11 , and may be 
an integer of 1 to 10 , for example , an integer of 1 to 3 . b11 
may be 1 or 2 , or 1 . When b11 is 2 or more , groups R11 may 

Formula 5 - 48 Formula 5 - 48 be identical or different . 
b12 in Formula 1 indicates the number of R12 , and may 

be an integer of 1 to 10 , for example , an integer of 1 to 3 . 
b12 may be 1 or 2 , or 1 . When b12 is 2 or more , groups R12 
may be identical or different . 

c11 in Formula 1 indicates the number of moieties rep 
resented by * - ( Luau1 - ( R21b ) and may be selected from 
an integer of 1 to 4 . c11 may be 1 or 2 . When c11 is 2 or 
more , at least two * - ( LW ) au1 - ( RU ) b11 may be identical or 
different . 

c12 in Formula 1 indicates the number of moieties rep 
resented by * - ( L12 ) a12 - ( R12 ) b?2 ) and may be selected from 
an integer of 1 to 4 . c12 may be 1 or 2 . When c12 is 2 or 
more , at least two * - ( L12012 - ( R12 ) 612 are identical or dif 

50 

Formula 5 - 49 

60 ferent . 
According to an embodiment , c11 and c12 in Formula 1 

may both be 1 . 
In Formula 1 , * - ( L11 ) all - ( Rubii binds to at least one of 

65 1st , 2nd , 3rd , and 4th carbon of ring A ( as shown in Formula 
l ' below ) , and * - ( L1212 - ( R12 ) 612 binds to at least one of 1st , 
2nd , 3rd , and 4th carbon of ring B . 
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Formula 1 ' 

c12 [ ( R12 ) 612 — ( L12 ) a127 1 , A 

111 + ( Lwall - ( R11 ) bu ] cii BU 

10 

- continued 
Formula 1 - 3A 

According to an embodiment , in Formula 1 , * - ( L11 ) 911 
( R11 ) bul binds to at least one of 2nd and 3rd carbon of ring A , 
and * - ( L12 ) a12 - ( R12 ) 612 binds to at least one of 2nd and 3rd 
carbon of ring B . 

For example , the condensed cyclic compound may be 
represented by Formula 1A below : 

( R4 ) 64 ( L4 ) a4 
15 ( R12 ) 612 — ( L12 ) a12 

Formula 1A 20 
( R12 ) 612 — ( L12 ) a12 

( L11 ) all - ( R11 ) 11 
Formula 1A 

25 ( R12 ) 612 — ( L12 ) a12 

30 
( L11 ) 911 — ( R11011 

Substituents of Formula 1A are already described above . ( L1 ) all - R110011 
According to another embodiment , the condensed cyclic 35 

compound may be represented by Formulae 1 - 1A , 1 - 2A , Substituents of Formulae 1A ' , 1 - 1A , 1 - 2A , and 1 - 3A may 
1 - 3A , or 1A ' : be understood by referring to corresponding explanation 

provided herein , except that 
in Formulae 1 - 1A , 1 - 2A , 1 - 3A , and 1A ' , X , is selected 

Formula 1 - 1A 40 from C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 63 ] , Si [ ( L2 ) a2 - ( R2 ) 62 ] [ 
( R12 ) 612 — ( L 12 ) a12 ( L3 ) 93 - ( R3 ) b3 ] , S , and O , X2 is selected from C [ ( L5 ) 45 

( L7 ) a7 — ( R7 ) 67 ( R3 ) b ] [ ( L . ) a6 - ( Ro ) bo ] , Si [ ( L5 ) as - ( Rs ) b ] [ ( L . ) a6 - ( R ) ] , S , 
and 0 ; and Xz is selected from C [ ( L2 ) a8 - ( R . ) b8 ] [ ( L . ) a9 
( R9 ) bo ] , Si [ ( Le ) a8 - ( Ro ) bs ] [ ( L9 ) a9 - ( R . ) bo ] , S , and 0 ( that is , in 

45 Formula 1A ' , X , is not N [ ( L1 ) a1 - ( R1 ) bi ] and X2 is not 
N [ ( L4 ) 94 - ( R4 ) b4 ] and X2 is not N [ ( L7 ) a7 - ( R7 ) 67 ] . A com 
pound represented by Formula 1A ' , wherein X , is C [ ( L2 ) ?2 
( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] , X , is S , and X3 is C [ ( Ls ) a8 - ( Rs ) 68 ] 

( L11 ) all - ( R11b11 [ ( L ) 29 - ( R9 ) bg ] is excluded . 
50 For example , at least one of R7 , R11 , and R12 in Formula 

1 - 1A , at least one of R1 , R11 , and R12 in Formula 1 - 2A , at 
least one of R4 , R11 , and R12 in the Formula 1 - 3A , and at 
least one of Rui and R12 in Formula 1A ' may be each 
independently a C3 - C10 cycloalkyl group , a Cz - C10 hetero 

55 cycloalkyl group , a C3 - C1o cycloalkenyl group , a Cz - C10 
heterocycloalkenyl group , a C . - C . aryl group , a Co - C60 
aryloxy group , a C . - C . arylthio group , a substituted or 

( R12 ) 612 — ( L12 ) a12 unsubstituted CZ - C60 arylalkyl group , a C2 - C6 heteroaryl 
group , a substituted or unsubstituted C , - Con heteroaryloxy 

60 group , a substituted or unsubstituted C . - Can heteroarylthio 
group , a substituted or unsubstituted C2 - C6 heteroarylalkyl 
group , a monovalent non - aromatic condensed polycyclic 
group , or a monovalent non - aromatic condensed heteropo 

( L1 ) al lycyclic group ; or 
( R1 ) 61 65 a C3 - C1o cycloalkyl group , a C3 - C10 heterocycloalkyl 

( L11 ) all - ( R11 ) 511 group , a C3 - C10 cycloalkenyl group , a C3 - C10 heterocy 
cloalkenyl group , a Co - Coo aryl group , a Co - C60 aryloxy 

Formula 1 - 2A 
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group , a C6 - C60 arylthio group , a substituted or unsubsti - a phenanthridinyl group , an acridinyl group , a phenanthroli 
tuted CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a nyl group , a phenazinyl group , a benzoimidazolyl group , a 
substituted or unsubstituted C2 - C60 heteroaryloxy group , a benzofuranyl group , a benzothiophenyl group , an isobenzo 
substituted or unsubstituted C2 - C6 heteroarylthio group , a thiazolyl group , a benzooxazolyl group , an isobenzoox 
substituted or unsubstituted Cz - C60 heteroarylalkyl group , a 5 azolyl group , a triazolyl group , a tetrazolyl group , an oxadi 
monovalent non - aromatic condensed polycyclic group , or a azolyl group , a triazinyl group , a dibenzofuranyl group , a 
monovalent non - aromatic condensed heteropolycyclic dibenzothiophenyl group , a benzocarbazolyl group , a diben 
group , each substituted with at least one group selected from zocarbazolyl group , an imidazopyridinyl group , an imida 
a deuterium , - F , Cl , Br , - I , a hydroxyl group , a cyano zopyrimidinyl group , or a group represented by 
group , a nitro group , an amino group , an amidino group , a 10 
hydrazine group , a hydrazone group , a carboxylic acid or a 
salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
acid or a salt thereof , a C1 - Coo alkyl group , a C2 - Coo alkenyl 
group , a C2 - C60 alkynyl group , a C2 - C60 alkoxy group , a 
Cz - C1o cycloalkyl group , a C3 - C10 heterocycloalkyl group , a 15 
Cz - C1o cycloalkenyl group , a Cz - C1o heterocycloalkenyl 
group , a Co - C60 aryl group , a Co - C60 aryloxy group , a 
Co - Coo arylthio group , a substituted or unsubstituted CZ - C60 
arylalkyl group , a C2 - C6 heteroaryl group , a substituted or 
unsubstituted C2 - C6 heteroaryloxy group , a substituted or 20 
unsubstituted C2 - C60 heteroarylthio group , a substituted or each substituted with at least one group selected from a 
unsubstituted C3 - C6 heteroarylalkyl group , a monovalent deuterium , - F , Cl , Br , - I , a hydroxyl group , a cyano 
non - aromatic condensed polycyclic group , and a monova group , a nitro group , an amino group , an amidino group , a 
lent non - aromatic condensed heteropolycyclic group . hydrazine group , a hydrazone group , a carboxylic acid or a 

For example , at least one of R , R . , and R , in Formula 25 salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
1 - 1A , at least one of R . R . and R , in Formula 1 - 2A . at acid or a salt thereof , a C1 - C20 alkyl group , a C1 - C70 alkoxy 
least one of R4 , R11 , and R 12 in Formula 1 - 3A , and at least group , a phenyl group , and a naphthyl group . 
one of Ru and R12 in Formula 1A ' are each independently According to another embodiment , at least one of R , , R , 1 , 

a pyrrolyl group , a thiophenyl group , a furanyl group , an and R12 in Formula 1 - 1A , at least one of R1 , R11 , and R . 2 in 
imidazolyl group , a pyrazolyl group , a thiazolyl group , an 30 30 Formula 1 - 2A , at least one of R4 , R11 , and R 12 in Formula 
isothiazolyl group , an oxazolyl group , an isooxazolyl group , 1 - 3A , and at least one of R , and R12 in Formula 1A ' may 
a pyridinyl group , a pyrazinyl group , a pyrimidinyl group , a be each independently represented by one of Formulae 4 - 4 
pyridazinyl group , an isoindolyl group , an indolyl group , an to 4 - 27 ( wherein Y31 in Formulae 4 - 4 to 4 - 7 may be O , S , 
indazolyl group , a purinyl group , a quinolinyl group , an or N ( Z35 ) ) , but may instead be represented by other formu 
isoquinolinyl group , a benzoquinolinyl group , a phthalazinyl 35 lae . 
group , a naphthyridinyl group , a quinoxalinyl group , a For example , the condensed cyclic compound may be 
quinazolinyl group , a cinnolinyl group , a carbazolyl group , represented by Formulae 1 - 1A , 1 - 2A , 1 - 3A , or 1A ' , and represented by Formulae 1 
a phenanthridinyl group , an acridinyl group , a phenanthroli L1 , L4 , L7 , L11 , and L12 in Formulae 1 - 1A , 1 - 2A , 1 - 3A , 
nyl group , a phenazinyl group , a benzoimidazolyl group , a and 1A ' are each independently represented by one of 
benzofuranyl group , a benzothiophenyl group , an isobenzo - 40 Formulae 2 - 1 to 2 - 33 ; 
thiazolyl group , a benzooxazolyl group , an isobenzoox al , a4 , a7 , all , and a12 may be each independently 0 , 1 , 
azolyl group , a triazolyl group , a tetrazolyl group , an oxadi or 2 ; 
azolyl group , a triazinyl group , a dibenzofuranyl group , a R , , R4 , R7 , R1 , and R12 are each independently a hydro 
dibenzothiophenyl group , a benzocarbazolyl group , a diben - gen , a deuterium , - F , - Cl , Br , — , a hydroxyl group , a 
zocarbazolyl group , an imidazopyridinyl group , an imida - 45 cyano group , a nitro group , an amino group , an amidino 
zopyrimidinyl group , or a group represented by group , a hydrazine group , a hydrazone group , a carboxylic 

acid or a salt thereof , a sulfonic acid or a salt thereof , a 
phosphoric acid or a salt thereof , a C1 - C20 alkyl group , or a 
group represented by one of Formula 4 - 1 to 4 - 27 ; and 

50 b1 , 64 , 67 , 611 , and b12 may be 1 . 
Herein , at least one of R7 , R1 , and R , in Formula 1 - 1A , 

at least one of R1 , R11 , and R12 in Formula 1 - 2A , at least one 
of R4 , R11 , and R , in Formula 1 - 3A , and at least one of Ru 
and R12 in Formula 1A ' may be each independently repre 
sented by Formulae 4 - 4 to 4 - 27 ( wherein Y31 in Formulae 
4 - 4 to 4 - 7 may be O , S , or N ( Z35 ) ) , but may instead be 
represented by other formulae . 
As another example , the condensed cyclic compound may 

a pyrrolyl group , a thiophenyl group , a furanyl group , an be represented by Formulae 1 - 1A , 1 - 2A , 1 - 3A , or 1A ' , and 
imidazolyl group , a pyrazolyl group , a thiazolyl group , an 60 L1 , L4 , L7 , Lu , and L12 in Formulae 1 - 1A , 1 - 2A , 1 - 3A , 
isothiazolyl group , an oxazolyl group , an isooxazolyl group , and 1A ' are each independently represented by one of 
a pyridinyl group , a pyrazinyl group , a pyrimidinyl group , a Formulae 3 - 1 to 3 - 59 ; 
pyridazinyl group , an isoindolyl group , an indolyl group , an al , a4 , a7 , all , and al2 may be each independently 0 or 
indazolyl group , a purinyl group , a quinolinyl group , an 1 ; 
isoquinolinyl group , a benzoquinolinyl group , a phthalazinyl 65 R1 , R4 , R7 , R11 , and R12 are each independently a hydro 
group , a naphthyridinyl group , a quinoxalinyl group , a gen , a deuterium , — F , C1 , — Br , — 1 , a hydroxyl group , a 
quinazolinyl group , a cinnolinyl group , a carbazolyl group , cyano group , a nitro group , an amino group , an amidino 

or 
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48 
group , a hydrazine group , a hydrazone group , a carboxylic thereof , a phosphoric acid or a salt thereof , a C - C20 alkyl 
acid or a salt thereof , a sulfonic acid or a salt thereof , a group , or a group represented by one of Formulae 4 - 1 to phosphoric acid or a salt thereof , a C1 - C20 alkyl group , or a 
group represented by one of Formula 5 - 1 to 5 - 51 ; and 4 - 27 ; 
b1 , 64 , 67 , 611 , and b12 may be 1 . b1 , 64 , 67 to 69 , b11 , b12 , c11 , and c12 may be 1 : = 

Formula 1 ( 81 ) 
( L7 ) a7 — ( R7 ) 67 [ CR1212 — 13 ) 2127 s 21 ) 67 — ( R ) 57 

eller ? V 
H an – Rubu ) . - c11 

Formula 1 ( 70 ) Formula 1 ( 70 ) laoue - tomater [ CR12 ) 012 — ( L2 ) 2127 c121 

Hondarrova 11a11 — ( R11011 Hell 
( L1 ) al 

( R1 ) b1 
Formula 1 ( 15 ) 

( R8 ) b8 ( R4 ) 64 L4 a4 
( L8 ) a8 

( R12 ) 612 — ( L12 ) a12 4 - ( L9 ) a9 — ( R9 ) b9 c12 L 

Y H4 ) 211 — R107 ) . 
Formula 1 ( 92 ) 

( R8 ) b8 

( L8 ) a8 

[ CR 125012 — ( L12 ) 127 - ( L9 ) a9 — ( R9 ) b9 

Y 1 — ( R . 10121 
( L1 ) al 

( R9 ) b9 
Formula 1 ( 106 ) 

( L7 ) a7 — ( R7 ) 67 
( R12 ) 012 — ( L12 ) , 125 c121 

" H a ! 1 — ( Rasoul . com 

According to another embodiment , the condensed cyclic According to another embodiment , the condensed cyclic 
compound may be represented by Formulae 1 ( 81 ) , 1 ( 70 ) , 55 compound may be represented by Formula 1 ( 81 ) , 1 ( 70 ) , 
1 ( 15 ) , 1 ( 92 ) , or 1 ( 106 ) , and 1 ( 15 ) , 1 ( 92 ) , or 1 ( 106 ) , and 
L1 , L4 , L , to L9 , L11 , and L12 in Formulae 1 ( 81 ) , 1 ( 70 ) , L1 , L4 , L , to L9 , L11 , and L12 in Formulae 1 ( 81 ) , 1 ( 70 ) , 

1 ( 15 ) , 1 ( 92 ) , and 1 ( 106 ) may be each independently repre - 1 ( 15 ) , 1 ( 92 ) , and 1 ( 106 ) may be each independently repre 
sented by one of Formulae 2 - 1 to 2 - 33 ; sented by one of Formulae 3 - 1 to 3 - 59 ; 

al , a4 , a7 to a9 , all , and al2 may be each independently al , a4 , a7 to a9 , all , and a12 may be each independently 
0 , 1 , or 2 ; Oor 1 ; 
R1 , R4 , R , to R9 , R11 , and R12 are each independently a R1 , R4 , R , to Ry , R11 , and R12 are each independently a 

hydrogen , a deuterium , — F , C1 , — Br , — 1 , a hydroxyl hydrogen , a deuterium , — F , — C1 , — Br , — 1 , a hydroxyl 
group , a cyano group , a nitro group , an amino group , an 65 group , a cyano group , a nitro group , an amino group , an 
amidino group , a hydrazine group , a hydrazone group , a amidino group , a hydrazine group , a hydrazone group , a 
carboxylic acid or a salt thereof , a sulfonic acid or a salt carboxylic acid or a salt thereof , a sulfonic acid or a salt 
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- continued thereof , a phosphoric acid or a salt thereof , a C2 - C20 alkyl 
group , or a group represented by one of Formulae 5 - 1 to 
5 - 51 ; 
b1 , 64 , 67 to b9 , b11 , b12 , c11 , and c12 may be 1 , but are 

not limited thereto . 
The condensed cyclic compound may be one of Com 

pounds 1 to 208 below , but is not limited thereto : 
NN 
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- continued compound represented by Formula 1 , low driving voltage , 
high efficiency , high brightness , and long lifespan . 

The condensed cyclic compound of Formula 1 may be 
used between a pair of electrodes of an organic light 

5 emitting device . For example , the condensed cyclic com 
pound may be included in at least one group selected from 
i ) a hole transport region ( including , for example , at least 
one of a hole injection layer , a hole transport layer , a 
buffer layer , and an electron blocking layer ) that is dis 
posed between the first electrode and the emission layer , 
and 

ii ) an electron transport region ( including , for example , at 
least one group selected from a hole blocking layer , an 
electron transport layer , and an electron injection layer ) 
that is disposed between the emission layer and the 
second electrode . 
For example , the condensed cyclic compound represented 

by Formula 1 may be included in the emission layer . In this 
regard , the emission layer may further include a dopant , and 

In Formula 1 , 20 the condensed cyclic compound included in the emission 
when X , is N [ ( L4 ) a4 - ( R4 ) b4 ] , layer may act as a host . The emission layer may be a green 
i ) X , is C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] or Si [ ( L2 ) 22 emission layer emitting green light , and the dopant may be 

( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) 63 ] , and X2 is selected from N [ ( L7 ) az a phosphorescent dopant . 
( R7 ) b7 ] , C [ ( L3 ) 28 - ( R $ ) 68 ] [ ( L . ) a9 - ( R . ) b9 ] , Si [ ( Ls ) a8 - ( Re ) b8 ] . The expression “ an organic layer ) includes at least one 
[ ( L ) 29 - ( R . ) b9 ] , S , and 0 , or 23 condensed cyclic compounds ” used herein may include a 

ii ) X , is selected from N [ ( L ) a1 - ( R ) bi ] , S , and O , and X3 case in which “ ( an organic layer ) includes one condensed 
is C [ ( L ) a8 - ( R3 ) 58 ] [ ( L ) 49 - ( R2 ) b9 ] or Si [ ( L2 ) as - ( R3 ) 58 ] [ cyclic compound of Formula 1 ” and a case in which “ ( an 
( L9 ) 29 - ( R9 ) ] . That is , in Formula 1 , when X2 is N [ ( L4 ) a4 organic layer ) includes two or more different condensed 
( R4 ) b4 ] , at least one of X , and X2 includes C or Si . Since cyclic compounds of Formula 1 ” . 
various substituents are capable of being introduced to the 30 For example , the organic layer may include , as the con 
condensed cyclic compound , as described above , controlling densed cyclic compound , only Compound 1 . In this regard , 
molecular energy levels is facilitated . Compound 1 may be situated in an emission layer of the 

Also , in Formula 1 , ring C and ring E may be condensed organic light - emitting device . In another embodiment , the 
in anti - syn locations , respectively , relative to ring D ( see organic layer may include , as the condensed cyclic com 
Formula 1 " below ) . Thus , the resultant structure may be an » pound , Compound 1 and Compound 2 . In this regard , 
asymmetric molecular structure . Due to the asymmetric Compound 1 and Compound 2 may be situated in either an 
structure , the condensed cyclic compound has low crystal identical layer ( for example , Compound 1 and Compound 2 
linity , and thus excellent film - formation characteristics . all may be situated in an emission layer ) , or different layers . 

Formula 1 " 

csak 603 c12 [ ( R12 ) 612 — ( L12 ) a12 1 
A 

11 F ( LW ) al1 — ( R11 ) bul ] cil 

Synthesis methods of the condensed cyclic compound 3 The first electrode may be an anode , which is a hole 
represented by Formula 1 may be apparent to one of injection electrode , and the second electrode may be a 
ordinary skill in the art by referring to Synthesis Examples cathode , which is an electron injection electrode . Alterna 
provided below . tively , the first electrode may be a cathode , which is an The condensed cyclic compound represented by Formula electron injection electrode , or the second electrode may be 1 is suitable for use in an organic layer of an organic 55 an anode , which is a hole injection electrode . light - emitting device , for example , for use as a host in an 
emission layer of the organic layer . Thus , another aspect For example , the first electrode may be an anode , and the 
provides an organic light - emitting device that includes : second electrode may be a cathode , and the organic layer 
a first electrode ; includes 
a second electrode ; and 60 i ) a hole transport region that is disposed between the first 
an organic layer that is disposed between the first electrode electrode and the emission layer and includes at least one 

and the second electrode , wherein of a hole injection layer , a hole transport layer , and an 
the organic layer includes an emission layer and at least electron blocking layer , and 

one of the condensed cyclic compounds represented by ii ) an electron transport region that is disposed between the 
Formula 1 . 65 emission layer and the second electrode and includes at 

The organic light - emitting device may have , due to the least one group selected from a hole blocking layer , an 
inclusion of an organic layer including the condensed cyclic electron transport layer , and an electron injection layer . 
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The term " organic layer ” used herein refers to a single layer . For example , the deposition conditions may include a 
layer and / or a plurality of layers disposed between the first deposition temperature of about 100 to about 500° C . , a 
electrode and the second electrode of an organic light 
emitting device . The " organic layer ” may include , in addi vacuum pressure of about 10 - 8 to about 10 - 3 torr , and a 
tion to an organic compound , an organometallic complex 5 deposition rate of about 0 . 01 to about 100 Angstroms per 
including metal . second ( Å / sec ) . However , the deposition conditions are not 

The FIGURE , is a schematic view of an organic light limited thereto . emitting device 10 according to an embodiment . Hereinaf 
ter , the structure of an organic light - emitting device accord When the hole injection layer is formed using spin 
ing to an embodiment and a method of manufacturing an coating , coating conditions may vary according to the mate organic light - emitting device according to an embodiment 
will be described in connection with the FIGURE . The rial used to form the hole injection layer , and the structure 
organic light - emitting device 10 includes a first electrode 11 , and thermal properties of the hole injection layer . For 
an organic layer 15 , and a second electrode 19 , which are 15 example , a coating speed may be from about 2 , 000 revolu 
sequentially stacked . 

In the FIGURE , a substrate may be additionally disposed tions per minute ( rpm ) to about 5 , 000 rpm , for example , 
under the first electrode 11 or above the second electrode 19 . about 3 , 5000 rpm to about 5 , 000 rpm , and a temperature at 
Any substrate that is used in general organic light - emitting which a heat treatment is performed to remove a solvent devices may be used . The substrate may be a glass substrate 
or transparent plastic substrate , each of which has excellent 20 after coating may be from about 80° C . to about 200° C . , for 
mechanical strength , thermal stability , transparency , surface example , about 120° C . to about 200° C . However , the 
smoothness , ease of handling , and water repellency . coating conditions are not limited thereto . The first electrode 11 may be formed by depositing or 
sputtering a material for forming the first electrode on the of Conditions for a hole transport layer and an electron 
substrate . The first electrode 11 may be an anode . The - - blocking layer may be understood by referring to conditions material for the first electrode 11 may be selected from 
materials with a high work function to make holes be easily for forming the hole injection layer . 
injected . The first electrode 13 may be a reflective electrode The hole transport region may include at least one com or a transmissive electrode . The material for the first elec 
trode 11 may be an indium tin oxide ( ITO ) , indium zinc 30 pound selected from m - MTDATA , TDATA , 2 - TNATA , 
oxide ( IZO ) , tin oxide ( SnO2 ) , or zinc oxide ( ZnO ) . Accord NPB , 13 - NPB , TPD , Spiro - TPD , Spiro - NPB , Q - NPB , 
ing to another embodiment , the material for the first elec TAPC , HMTPD , 4 , 49 , 4 " - tris ( N - carbazolyl ) triphenylamine trode 11 may be metal , such as magnesium ( Mg ) , aluminum 
( Al ) , aluminum - lithium ( Al — Li ) , calcium ( Ca ) , magne ( TCTA ) , polyaniline / dodecylbenzenesulfonic acid ( Pani / 
sium - indium ( Mg - In ) , or magnesium - silver ( Mg — Ag ) . DBSA ) , poly ( 3 , 4 - ethylenedioxythiophene ) / poly ( 4 - styrene 

The first electrode 11 may have a single - layer structure or 
a multi - layer structure including two or more layers . sulfonate ) ( PEDOT / PSS ) , polyaniline / camphor sulfonic 

An organic layer 15 may be disposed on the first electrode acid ( Pani / CSA ) , ( polyaniline ) / poly ( 4 - styrenesulfonate ) 
11 . 40 ( PANI / PSS ) , a compound represented by Formula 201 The organic layer 15 may include a hole transport region , 
an emission layer , and an electron transport region . below , and a compound represented by Formula 202 below : 

The hole transport region may be disposed between the 
first electrode 11 and the emission layer . 

The hole transport region may include at least one of a 
hole injection layer , a hole transport layer , an electron 
blocking layer , and a buffer layer . 

The hole transport region may include only either a hole 
injection layer or a hole transport layer . According to another 
embodiment , the hole transport region may have a structure 50 
of hole injection layer / hole transport layer or hole injection 
layer / hole transport layer / electron blocking layer , which are 
sequentially stacked in this stated order from the first 
electrode 11 . 55 
When the hole injection layer ( HIL ) includes a hole 

injection layer , the hole injection layer may be formed on the 
first electrode 11 by using any one of various methods , for 
example , vacuum deposition , spin coating , casting , or Lang - º 
muir - Blodgett ( LB ) deposition . 
When a hole injection layer is formed by vacuum depo 

sition , the deposition conditions may vary according to a 
material that is used to form the hole injection layer , and the 
structure and thermal characteristics of the hole injection 

45 

65 m - MTDATA 
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- continued group , chrysenylenylene group , naphthacenylene group , 
picenylene group , perylenylene group , or pentacenylene ; or 

phenylene group , pentalenylene group , indenylene group , 
naphthylene group , azulenylene group , heptalenylene group , 

5 acenaphthylene group , fluorenylene group , penalenylene 
group , phenanthrenylene group , anthracenylene group , fluo 
ranthenylene group , triphenylenylene group , pyrenylene 
group , chrysenylenylene group , naphthacenylene group , 
picenylene group , perylenylene group , or pentacenylene 
group , each substituted with at least one group selected from 
a deuterium , - F , - Cl , Br , — 1 , a hydroxyl group , a cyano 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid or a 

is salt thereof , a sulfonic acid or a salt thereof , a phosphoric 
acid or a salt thereof , a C1 - Coo alkyl group , a C2 - Coo alkenyl 
group , a C2 - C60 alkynyl group , a C1 - Coo alkoxy group , a 
Cz - C1o cycloalkyl group , a Cz - C10 cycloalkenyl group , a 
Cz - C10 heterocycloalkyl group , a C3 - C10 heterocycloalkenyl 

20 group , a Co - C60 aryl group , a Co - Coo aryloxy group , a 
Co - C60 arylthio group , a substituted or unsubstituted CZ - C60 
arylalkyl group , a C2 - C6 heteroaryl group , a substituted or 
unsubstituted C2 - C60 heteroaryloxy group , a substituted or 
unsubstituted C2 - C6 heteroarylthio group , a substituted or 

25 unsubstituted Cz - C60 heteroarylalkyl group , a monovalent 
non - aromatic condensed polycyclic group , and a monova 
lent non - aromatic condensed heteropolycyclic group . 

xa and xb in Formula 201 may be each independently an 
Formula 201 integer of 0 to 5 , or 0 , 1 or 2 . For example , xa may be 1 and 

30 xb may be 0 , but xa and xb are not limited thereto . 
R10 to R108 , Ru to R119 , and R121 to R124 in Formulae 

2 R107 201 and 202 may be each independently 
R102 hydrogen , a deuterium , — F , — C1 , — Br , — 1 , a hydroxyl 

group , a cyano group , a nitro group , an amino group , an 
amidino group , a hydrazine group , a hydrazone group , a 

R103 carboxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a C , - C10 alkyl 

( Ar102 ) xb ( for example , methyl group , ethyl group , propyl group , butyl 
group , pentyl group , or hexyl group ) , or a C1 - C10 alkoxy ( for 

R118 40 example , methoxy group , ethoxy group , propoxy group , 
butoxy group , or pentoxy group ) ; 

a C - C10 alkyl group or a C - C10 alkoxy group , each R111 substituted with at least one group selected from a deute 
rium , — F , - Cl , — Br , — I , a hydroxyl group , a cyano group , 

45 a nitro group , an amino group , an amidino group , a hydra 
R116 zine group , a hydrazone group , a carboxylic acid or a salt 

R113 . thereof , a sulfonic acid or a salt thereof , a phosphoric acid 
or a salt thereof ; 

phenyl group , naphthyl group , anthracenyl group , fluore 
Formula 202 50 nyl group , or pyrenyl group ; or 

phenyl group , naphthyl group , anthracenyl group , fluore 
R121 nyl group , or pyrenyl group , each substituted with at least 

one group selected from a deuterium , - F , - C1 , — Br , - I , 
a hydroxyl group , a cyano group , a nitro group , an amino 

55 group , an amidino group , a hydrazine group , a hydrazone 
group , a carboxylic acid or a salt thereof , a sulfonic acid or 
a salt thereof , a phosphoric acid or a salt thereof , a C , - C10 
alkyl group , and a C , - C1o alkoxy group , but they are not 
limited thereto . 

60 R109 in Formula 201 may be one group selected from 
Ar101 and Ar102 in Formula 201 may be each indepen - phenyl group , naphthyl group , anthracenyl group , biphenyl 

dently group , and pyridinyl group , each substituted with at least 
phenylene group , pentalenylene group , indenylene group , one group selected from phenyl group , naphthyl group , 

naphthylene group , azulenylene group , heptalenylene group , anthracenyl group , biphenyl and pyridinyl ; and a deuterium , 
acenaphthylene group , fluorenylene group , penalenylene 65 F , Cl , Br , - 1 , a hydroxyl group , a cyano group , a 
group , phenanthrenylene group , anthracenylene group , fluo - nitro group , an amino group , an amidino group , a hydrazine 
ranthenylene group , triphenylenylene group , pyrenylene group , a hydrazone group , a carboxylic acid or a salt thereof , 

( Ar101 ) xa R109 
R 106 

R105 R104 

R210 hohet R119 R118 

R117 
R112 

R115 R114 

R122 

R123 R124 
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a sulfonic acid or a salt thereof , a phosphoric acid or a salt 
thereof , a C - C20 alkyl group , and a C1 - C20 alkoxy . 

According to an embodiment , the compound represented 
by Formula 201 may be represented by Formula 201A 
below , but is not limited thereto : 

HT2 

in 

10 

Formula 201 A 

R101 15 

20 

R100 M 

25 

R111 

R112 

R101 , R111 , R112 , and R109 in Formula 2019 may be 
understood by referring to the description provided herein . 40 

For example , the compound represented by Formula 201 , 
and the compound represented by Formula 202 may include 
compounds HT1 to HT20 illustrated below , but are not 
limited thereto . 

HT3 

HT1 

Jose hado a 

S 
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HT19 
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HT20 45 
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HT16 

Q • 55 

60 

| | A thickness of the hole transport region may be in a range 
of about 100 A to about 10 , 000 A , for example , about 100 
Å to about 1 , 000 Å . When the hole transport region includes 
both a hole injection layer and a hole transport layer , a 

65 thickness of the hole injection layer may be in a range of 
about 100 A to about 10 , 000 A , for example , about 100 A 
to about 1 , 000 Å , and a thickness of the hole transport layer 
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may be in a range of about 50 Å to about 2 , 000 Å , for 
example about 100 Å to about 1 , 500 Å . When the thick 
nesses of the hole transport region , the hole injection layer , 
and the hole transport layer are within these ranges , satis 
factory hole transporting characteristics may be obtained 5 
without a substantial increase in driving voltage . 

The hole transport region may further include , in addition 
to these materials , a charge - generation material for the 
improvement of conductive properties . The charge - genera - 10 
tion material may be homogeneously or non - homoge 
neously dispersed in the hole transport region . 

The charge - generation material may be , for example , a 
p - dopant . The p - dopant may be one of a quinone derivative , 
a metal oxide , and a cyano group - containing compound , but 15 
is not limited thereto . Non - limiting examples of the p - dop 
ant are a quinone derivative , such as tetracyanoquinonedi 
methane ( TCNQ ) or 2 , 3 , 5 , 6 - tetrafluoro - tetracyano - 1 , 4 - ben 
zoquinonedimethane ( F4 - TCNQ ) ; a metal oxide , such as a 
tungsten oxide or a molybdenium oxide ; and a cyano 20 
group - containing compound , such as Compound HT - D1 
below , but are not limited thereto . 

TPBi 

Compound HT - D1 25 
CN 

NC . 
N 

* * * till 
LCN 30 

TBADN 

e 
35 & 

CN 

F4 - TCNO 
F 

2 40 

ADN 
2 . 

F 
45 

8008 ??? 

The hole transport region may include a buffer layer . 
Also , the buffer layer may compensate for an optical 

resonance distance according to a wavelength of light emit 
ted from the emission layer . Thus , efficiency of a formed 50 
organic light - emitting device may be improved . 

Then , an emission layer ( EML ) may be formed on the 
hole transport region by vacuum deposition , spin coating , 
casting , LB deposition , or the like . When the emission layer 
is formed by vacuum deposition or spin coating , the depo 
sition or coating conditions may be similar to those applied 
to form the hole injection layer although the deposition or 
coating conditions may vary according to the material that is 
used to form the emission layer . 

The emission layer may include a host and a dopant . The 
host may include at least one condensed cyclic compound 
represented by Formula 1 . 

The host may further include , in addition to the condensed 
cyclic compound represented by Formula 1 , at least one of 65 
TPBI , TBADN , AND ( also referred to as “ DNA ” ) , CBP , 
CDBP , and TCP . 

8008 . The 60 

CDBP 
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C2 - C60 alkynyl group , a C - C60 alkoxy group , phenyl group , 
naphthyl group , anthracenyl group , pyrenyl group , phenan 
threnyl group , and fluorenyl ; or 

5 

10 

15 
but they are not limited thereto . 

According to another embodiment , the host may further 
include , the condensed cyclic compound represented by 
Formula 1 , a compound represented by Formula 302 below : TCP 

According to another embodiment , the host may further 20 
include , the condensed cyclic compound represented by 
Formula 1 , a compound represented by Formula 301 below : 

Formula 302 

Ar122 Ar 126 Ar127 

Formula 301 25 osoban ( Ar115 ) i ( Ar125 ) k 

( Ar124 ) 

Ar 123 
30 

( Ar116 ) ; 

H1 

Ar114 — ( Ar112 ) - - ( Ar111 ) , — Ar113 Ar113 

Ar 122 to Ar 125 in Formula 302 are the same as described 
in detail in connection with Ar 113 in Formula 301 . 
Ar 126 and Ar?27 in Formula 302 may each be indepen 

35 dently a C - C10 alkyl group ( for example , methyl group , 
ethyl group , or propyl group ) . 

Ar111 and Ar112 in Formula 301 may be each indepen 
dently phenylene group , naphthylene group , phenanthre k and 1 in Formula 302 may be each independently an 
nylene group , or pyrenvlene : and phenylene group , naphth - integer of 0 to 4 . For example , k and I may be 0 , 1 , or 2 . 
ylene group , phenanthrenylene group , fluorenyl group , or 40 The compound represented by Formula 301 and the 
pyrenylene group , each substituted with at least one group compound represented by Formula 302 may include Com 
selected from phenyl group , naphthyl group , and anthrace pounds H1 to H42 illustrated below , but are not limited nyl group . 

Ar 1 to Ar 1 in Formula 301 may be each independently thereto . 
a C1 - C10 alkyl group ; phenyl group , naphthyl group , 45 
phenanthrenyl group , or pyrenyl group ; or phenyl group , 
naphthyl group , phenanthrenyl group , fluorenyl group , or 
pyrenyl group , each substituted with at least one group 
selected from phenyl group , naphthyl group , and anthrace 
nyl group . 

g , h , 1 , and j in Formula 301 may be each independently 
an integer of 0 to 4 , for example , an integer of 0 , 1 , or 2 . 

Ar113 and Ar116 in Formula 301 may be each indepen 
dently 

a C , - C1 , alkyl group substituted with at least one group 55 
selected from phenyl group , naphthyl group , or anthracenyl 
group ; 

phenyl group , naphthyl group , anthracenyl group , pyrenyl 
group , phenanthrenyl group , or fluorenyl group ; 
phenyl group , naphthyl group , anthracenyl group , pyrenyl 60 

group , phenanthrenyl group , or fluorenyl group , each sub 
stituted with at least one group selected from a deuterium , 
- F , - C1 , — Br , — I , a hydroxyl group , a cyano group , a 

nitro group , an amino group , an amidino group , a hydrazine 
group , a hydrazone group , a carboxylic acid or a salt thereof , 65 
a sulfonic acid or a salt thereof , a phosphoric acid or a salt 
thereof , a C , - C60 alkyl group , a C2 - C60 alkenyl group , a 

H2 

888 
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H42 

H45 30 

35 

40 

According to another embodiment , the host may include , 45 
in addition to the condensed cyclic compound represented 
by Formula 1 , at least one of Compounds H43 to H49 below , 
but is not limited thereto : 

H43 H46 

ago : goes 
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The phosphorescent dopant may include at least one of 
H47 Compounds PD1 to PD74 below , but is not limited thereto 

( Compound PD1 below is Ir ( ppy ) 3 ) : 

PD1 

PD2 

H48 

ç ndose PD3 

ve 

H49 

ü 

$ 

PD4 

# 

50 

F 

PD5 

When the organic light - emitting device is a full color 
organic light - emitting device , the emission layer may be 
patterned into a red emission layer , a green emission layer , 
and a blue emission layer . According to another embodi 
ment , due to a stack structure including a red emission layer , 
a green emission layer , and / or a blue emission layer , the 
emission layer may emit white light . A host in the red 
emission layer , the green emission layer , and the blue 
emission layer may include the condensed cyclic compound 
represented by Formula 1 . According to an embodiment , the 55 
host in the green emission layer may include the condensed 
cyclic compound represented by Formula 1 . 

A dopant in the emission layer may be a fluorescent 
dopant that emits light according to a fluorescent emission 
mechanism or a phosphorescent dopant that emits light 60 
according to a phosphorescent emission mechanism . 

According to an embodiment , the emission layer may 
include a host including the condensed cyclic compound 
represented by Formula 1 and a phosphorescent dopant . The 
phosphorescent dopant may include an organometallic com - 65 
plex including a transition metal ( for example , iridium ( Ir ) , 
platinum ( Pt ) , osmium ( Os ) , or rhodium ( Rh ) ) . 
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25 

According to another embodiment , the phosphorescent 
dopant may include PtOEP or Compound PhGD illustrated 
below : 

30 

PD70 
F3C 

F C 

- 

- 
- - - 

PD71 
PPh Me 

PtOEP 

' N ' 
NE 

PPh Me 

PD72 
Bu 

CH3 - - - 
- 

PPh3 
60 

PhGD 
N DDL . N PPhz 

65 
But 

The fluorescent dopant may include at least one com 
pound selected from DPAVBi , BDAVBi , TBPe , DCM , 
DCJTB , Coumarin 6 , and C545T . 
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Forcade 
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yang cerita 

NC CN NO 
Ilta . 
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* * 1111111 

11111 110110 
TB Pe DCM 

DCJTB 
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Coumarin 6 C5451 

55 
When the emission layer includes a host and a dopant , an Then , an electron transport region may be disposed on the 

amount of the dopant may be in a range of about 0 . 01 to emission layer . 
about 15 parts by weight , for example , about 0 . 1 to about 15 The electron transport region may include at least one 
parts by weight , based on 100 parts by weight of the host , but layer selected from a hole blocking layer , an electron trans 
is not limited thereto . 60 port layer , and an electron injection layer . 

For example , the electron transport region may have a A thickness of the emission layer may be in a range of structure of hole blocking layer / electron transport layer / about 100 Å to about 1 , 000 Å , for example , about 200 Å to electron injection layer or electron transport layer / electron about 600 Å . When the thickness of the emission layer is injection layer , but the structure of the electron transport 
within this range , excellent light - emission characteristics 65 region is not limited thereto . The electron transport layer 
may be obtained without a substantial increase in driving may have a single - layered structure or a multi - layer struc 
voltage . ture including two or more different materials . 
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Conditions for forming the hole blocking layer , electron 
transport layer , and electron injection layer of the electron 
transport region may be understood by referring to the 
conditions for forming the hole injection layer . 
When the electron transport layer includes a hole blocking 

layer , the hole blocking layer may include , for example , at 
least one of BCP , Bphen , and BAlq but is not limited thereto . 

5 

0 - Al 

e 

BAlq 

??? 
N - N 

Art 

TAZ 

N — N 

Bphen 

NTAZ A thickness of the hole blocking layer may be in a range 
of about 20 Å to about 1 , 000 Å , for example , about 30 Å to 40 
about 300 Å . When the thickness of the hole blocking layer 
is within these ranges , the hole blocking layer may have 
excellent hole blocking characteristics without a substantial 
increase in driving voltage . 45 

The electron transport layer may further include , in addi 
tion to the condensed cyclic compound represented by 
Formula 1 , at least one compound selected from BCP , 
Bphen , Alq3 , BAI , TAZ , and NTAZ . 

According to another embodiment , the electron transport 
layer may include at least one of ET1 and ET2 , but are not 
limited thereto : 

ET1 

N 

Alq3 
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- continued injection layer may have satisfactory electron transport 
characteristics without a substantial increase in driving 
voltage . 

The second electrode 19 is disposed on the organic layer 
15 . The second electrode 19 may be a cathode . A material for 
forming the second electrode 19 may be metal , an alloy , an 
electrically conductive compound , and a combination 
thereof , which have a relatively low work function . For 
example , lithium ( Li ) , magnesium ( Mg ) , aluminum ( Al ) , 

10 aluminum - lithium ( Al - Li ) , calcium ( Ca ) , magnesium - in 
dium ( Mg - In ) , or magnesium - silver ( Mg — Ag ) may be 
formed as the material for forming the second electrode 19 . 
To manufacture a top emission type light - emitting device , a 
transmissive electrode formed using ITO or IZO may be 

15 used as the second electrode 19 . 
Hereinbefore , the organic light - emitting device has been 

described with reference to the FIGURE , but is not limited 
thereto . 

A C - C60 alkyl group used herein refers to a linear or 
20 branched aliphatic hydrocarbon monovalent group having 1 

to 60 carbon atoms . Detailed examples thereof are methyl 
group , ethyl group , propyl group , isobutyl group , sec - butyl 

A thickness of the electron transport layer may be in a group , tert - butyl group , pentyl group , iso - amyl group , and 
range of about 100 Å to about 1 , 000 Å , for example , about hexyl group . A C - C60 alkylene group used herein refers to 
150 Å to about 500 Å . When the thickness of the electron 25 a divalent group having the same structure as the C1 - C60 
transport layer is within the range described above , the alkyl group . 
electron transport layer may have satisfactory electron trans AC , - Coo alkoxy group used herein refers to a monovalent 
port characteristics without a substantial increase in driving group represented by - OA101 ( wherein A101 is the C , - C60 
voltage . alkyl group ) . Detailed examples thereof are methoxy group , 

Also , the electron transport layer may further include , in su further include in 30 ethoxy group , and isopropyloxy group . 
addition to the materials described above , a metal - contain AC2 - C60 alkenyl group used herein refers to a hydrocar 
ing material . bon group formed by substituting at least one carbon double 

bond in the middle or at the terminal of the C2 - C60 alkyl The metal - containing material may include a Li complex . group . Detailed examples thereof are ethenyl group , prope The Li complex may include , for example , Compound 35 Compound 35 nyl group , and butenyl group . A C2 - C60 alkenylene group ET - D1 ( lithium quinolate , LiQ ) or ET - D2 . used herein refers to a divalent group having the same 
structure as the C2 - C60 alkenyl group . 

A C2 - C60 alkynyl group used herein refers to a hydrocar 
bon group having at least one carbon triple bond in the 

40 middle or at the terminal of the C2 - C60 alkyl group . Detailed 
examples thereof are ethynyl group , and propynyl group . A 
C2 - C60 alkynylene group used herein refers to a divalent 
group having the same structure as the C . - C . alkynyl 
group . 

ET - D2 45 A C3 - C10 cycloalkyl group used herein refers to a mon 
ovalent hydrocarbon monocyclic group having 3 to 10 
carbon atoms . Detailed examples thereof are cyclopropyl 
group , cyclobutyl group , cyclopentyl group , cyclohexyl 
group , and cycloheptyl group . AC3 - C10 cycloalkylene group 

50 used herein refers to a divalent group having the same 
structure as the C3 - C10 cycloalkyl group . 

A C3 - C10 heterocycloalkyl group used herein refers to a 
monovalent monocyclic group having at least one hetero 
atom selected from N , O , P , and S as a ring - forming atom 

55 and 3 to 10 carbon atoms . Detailed examples thereof are 
tetrahydrofuranyl group and tetrahydrothiophenyl group . A 
Cz - C10 heterocycloalkylene group used herein refers to a 

The electron transport region may include an electron divalent group having the same structure as the Cz - C10 
injection layer ( EIL ) that allows electrons to be easily heterocycloalkyl group . 
provided from a second electrode 19 . 60 A Cz - C10 cycloalkenyl group used herein refers to a 

The electron injection layer may include at least one monovalent monocyclic group that has 3 to 10 carbon atoms 
compound selected from , LiF , NaCl , CsF , Li , O , Bao , and and at least one double bond in the ring thereof and does not 
LiQ . have aromacity . Detailed examples thereof are a cyclopen 

A thickness of the electron injection layer may be in a tenyl group , a cyclohexenyl group , and a cycloheptenyl 
range of about 1 Å to about 100 Å , for example , about 3 À 65 group . AC3 - C10 cycloalkenylene group used herein refers to 
to about 90 Å . When the thickness of the electron injection a divalent group having the same structure as the C3 - C10 
layer is within the range described above , the electron cycloalkenyl group . 

ET - D1 
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A C3 - C10 heterocycloalkenyl group used herein refers to A substituent of at least one of the substituted C3 - C10 

a monovalent monocyclic group that has at least one het cycloalkylene group , the substituted Cz - C1o cycloalkenylene 
eroatom selected from N , O , P , and S as a ring - forming atom , group , the substituted Co - C60 arylene group , the substituted 
3 to 10 carbon atoms , and at least one double bond in its ring . bivalent non - aromatic condensed polycyclic group , the sub 
Detailed examples of the Cz - C10 heterocycloalkenyl group 5 stituted C . - C . alkyl group , the substituted C2 - C60 alkenyl 
are 2 , 3 - dihydrofuranyl group and 2 , 3 - dihydrothiophenyl group , the substituted C2 - C60 alkynyl group , the substituted 
group . A C3 - C10 heterocycloalkenylene group used herein C , - C6o alkoxy group , the substituted Cz - C1o cycloalkyl 
refers to a divalent group having the same structure as the group , the substituted C3 - C10 heterocycloalkyl group , the 
C3 - C10 heterocycloalkenyl group . substituted Cz - C10 cycloalkenyl group , the substituted 

A C . - C . aryl group used herein refers to a monovalent 10 C3 - C10 heterocycloalkenyl group , the substituted C6 - C60 
group having a carbocyclic aromatic system having 6 to 60 aryl group , the substituted C . - C . aryloxy group , the sub 
carbon atoms , and a Co - Coo arylene group used herein refers stituted C . - C . arylthio group , a substituted or unsubstituted 
to a divalent group having a carbocyclic aromatic system CZ - C6 arylalkyl group , the substituted C2 - C6 heteroaryl 
having 6 to 60 carbon atoms . Detailed examples of the group , a substituted or unsubstituted C2 - C6 heteroaryloxy 
Co - Coo aryl group are a phenyl group , a naphthyl group , an 15 group , a substituted or unsubstituted C2 - C6 heteroarylthio 
anthracenyl group , a phenanthrenyl group , a pyrenyl group , group , a substituted or unsubstituted CZ - C6 heteroarylalkyl 
and a chrysenyl group . When the Co - C60 aryl and the Co - C60 group , the substituted monovalent non - aromatic condensed 
arylene each include two or more rings , the rings may be polycyclic group , and the substituted monovalent non - aro 
fused to each other . matic condensed heteropolycyclic group may be selected 

A C2 - C6 heteroaryl group used herein refers to a mon - 20 from 
ovalent group having a carbocyclic aromatic system that has a deuterium , F , Cl , Br , I , a hydroxyl group , a 
at least one heteroatom selected from N , O , P , and S as a cyano group , a nitro group , an amino group , an amidino 
ring - forming atom , and 2 to 60 carbon atoms . A C - C . group , a hydrazine group , a hydrazone group , a carboxylic 
heteroarylene group used herein refers to a divalent group acid or a salt thereof , a sulfonic acid or a salt thereof , a 
having a carbocyclic aromatic system that has at least one 25 phosphoric acid or a salt thereof , a C - C6 alkyl group , a 
heteroatom selected from N , O , P , and S as a ring - forming C2 - Coo alkenyl group , a C2 - C60 alkynyl group , and a C1 - C60 
atom , and 2 to 60 carbon atoms . Detailed examples of the alkoxy group ; 
C2 - C60 heteroaryl group are pyridinyl group , pyrimidinyl a C - C60 alkyl group , a C2 - C60 alkenyl group , a C2 - C60 
group , pyrazinyl group , pyridazinyl group , triazinyl group , alkynyl group , and a C - C60 alkoxy group , each substituted 
quinolinyl group , and isoquinolinyl group . When the C2 - C60 30 with at least one group selected from a deuterium , - F , C1 , 
heteroaryl group and the C2 - C6 heteroarylene group each - Br , — I , a hydroxyl group , a cyano group , a nitro group , 
include two or more rings , the rings may be fused to each an amino group , an amidino group , a hydrazine group , a 
other . hydrazone group , a carboxylic acid or a salt thereof , a 

The Co - C60 aryloxy used herein indicates - OA102 sulfonic acid or a salt thereof , a phosphoric acid or a salt 
( wherein A102 is the C - C . aryl group ) , the C . - C . arylthio 35 thereof , cyclopentyl group , cyclohexyl group , cycloheptyl 
indicates - SA103 ( wherein A103 is the C . - C . aryl group ) , group , cyclopentenyl group , cycloheptenyl group , phenyl 
and the C7 - C60 arylalkyl indicates - A104A105 ( wherein A104 group , pentalenyl group , indenyl group , naphthyl group , 
is the C . - C . aryl group and A105 is the C , - C60 alkyl group ) . azulenyl group , heptalenyl group , indacenyl group , acenaph 

The C2 - C6 heteroaryloxy used herein indicates - OA106 thyl group , fluorenyl group , spiro - fluorenyl group , benzo 
( wherein A106 is the C2 - C6 heteroaryl group ) , the C2 - C60 40 fluorenyl group , dibenzofluorenyl group , phenalenyl group , 
heteroarylthio indicates SA107 ( wherein A107 is the C2 - C60 phenanthrenyl group , anthracenyl group , fluorantenyl group , 
heteroaryl group ) , and the C3 - C60 heteroarylalkyl indicates triphenylenyl group , pyrenyl group , chrycenyl group , naph 
- A108A109 ( wherein A108 is the C2 - C6 heteroaryl group and thacenyl group , pycenyl group , perylenyl group , pentaphe 
A109 is the C1 - C6o alkyl group ) . nyl group , hexacenyl group , pentacenyl group , rubicenyl 

A monovalent non - aromatic condensed polycyclic group 45 group , coronenyl group , ovalenyl group , pyrrolyl group , 
used herein refers to a monovalent group that has two or thiophenyl group , furanyl group , imidazolyl group , pyra 
more rings condensed to each other , only carbon atoms ( for z olyl group , thiazolyl group , isothiazolyl group , oxazolyl 
example , the number of carbon atoms may be in a range of group , isooxazolyl group , pyridinyl group , pyrazinyl group , 
8 to 60 ) as a ring forming atoms , wherein the molecular pyrimidinyl group , pyridazinyl group , isoindolyl group , 
structure as a whole is non - aromatic . A detailed example of 50 indolyl group , indazolyl group , purinyl group , quinolinyl 
the monovalent non - aromatic condensed polycyclic group is group , isoquinolinyl group , benzoquinolinyl group , 
fluorenyl . A divalent non - aromatic condensed polycyclic phthalazinyl group , naphthylidinyl group , quinoxalinyl 
group used herein refers to a divalent group having the same group , quinazolinyl group , cynolinyl group , carbazolyl 
structure as the monovalent non - aromatic condensed poly group , phenanthridinyl group , acridinyl group , phenan 
cyclic group . 55 throlinyl group , phenazinyl group , benzoimidazolyl group , 

A monovalent non - aromatic condensed heteropolycyclic benzofuranyl group , benzothiophenyl group , isobenzothiaz 
group used herein refers to a monovalent group that has two olyl group , benzooxazolyl group , isobenzooxazolyl group , 
or more rings condensed to each other , has a heteroatom triazolyl group , tetrazolyl group , oxadiazolyl group , triazi 
selected from N , O P , and S , other than carbon atoms ( for nyl group , dibenzofuranyl group , dibenzothiophenyl group , 
example , the number of carbon atoms may be in a range of 60 benzocarbazolyl group , dibenzocarbazolyl group , imida 
2 to 60 ) , as a ring forming atoms , wherein the molecular zopyridinyl group , — N ( Qu ( Q12 ) , Si ( Q13 ) ( 014 ) ( Q15 ) , 
structure as a whole is non - aromatic . An example of the and — B ( Q ) ( Q17 ) ; 
monovalent non - aromatic condensed heteropolycyclic cyclopentyl group , cyclohexyl group , cycloheptyl group , 
group is carbazolyl . A divalent non - aromatic condensed cyclopentenyl group , cycloheptenyl group , phenyl group , 
heteropolycyclic group used herein refers to a divalent group 65 pentalenyl group , indenyl group , naphthyl group , azulenyl 
having the same structure as the monovalent non - aromatic group , heptalenyl group , indacenyl group , acenaphthyl 
condensed heteropolycyclic group . group , fluorenyl group , spiro - fluorenyl group , benzofluore 
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nyl group , dibenzofluorenyl group , phenalenyl group , acenaphthyl group , fluorenyl group , spiro - fluorenyl group , 
phenanthrenyl group , anthracenyl group , fluorantenyl group , benzofluorenyl group , dibenzofluorenyl group , phenalenyl 
triphenylenyl group , pyrenyl group , chrysenyl group , naph group , phenanthrenyl group , anthracenyl group , fluorantenyl thacenyl group , pycenyl group , perylenyl group , pentaphe 
nyl group , hexacenyl group , pentacenyl group , rubicenyl 5 group , triphenylenyl group , pyrenyl group , chrycenyl group , 
group , coronenyl group , ovalenyl group , pyrrolyl group , naphthacenyl group , pycenyl group , perylenyl group , pen 
thiophenyl group , furanyl group , imidazolyl group , pyra taphenyl group , hexacenyl group , pentacenyl group , rubice zolyl group , thiazolyl group , isothiazolyl group , oxazolyl 
group , isooxazolyl group , pyridinyl group , pyrazinyl group , nyl group , coronenyl group , ovalenyl group , pyrrolyl group , 
pyrimidinyl group , pyridazinyl group , isoindolyl group , 10 thiophenyl group , furanyl group , imidazolyl group , pyra 
indolyl group , indazolyl group , purinyl group , quinolinyl zolyl group , thiazolyl group , isothiazolyl group , oxazolyl 
group , isoquinolinyl group , benzoquinolinyl group , group , isooxazolyl group , pyridinyl group , pyrazinyl group , phthalazinyl group , naphthyridinyl group , quinoxalinyl 
group , quinazolinyl group , cinnolinyl group , carbazolyl pyrimidinyl group , pyridazinyl group , isoindolyl group , 
group , phenanthridinyl group , acridinyl group , phenan - 15 indolyl group , indazolyl group , purinyl group , quinolinyl 
throlinyl group , phenazinyl group , benzoimidazolyl group , group , isoquinolinyl group , benzoquinolinyl group , 
benzofuranyl group , benzothiophenyl group , isobenzothiaz phthalazinyl group , naphthylidinyl group , quinoxalinyl olyl group , benzooxazolyl group , isobenzooxazolyl group , 
triazolyl group , tetrazolyl group , oxadiazolyl group , triazi group , quinazolinyl group , cynolinyl group , carbazolyl 
nyl group , dibenzofuranyl group , dibenzothiophenyl group , 20 group , phenanthridinyl group , acridinyl group , phenan 
benzocarbazolyl group , dibenzocarbazolyl group , and imi throlinyl group , phenazinyl group , benzoimidazolyl group , 
dazopyridinyl ; benzofuranyl group , benzothiophenyl group , isobenzothiaz cyclopentyl group , cyclohexyl group , cycloheptyl group , olyl group , benzooxazolyl group , isobenzooxazolyl group , cyclopentenyl group , cycloheptenyl group , phenyl group , 
pentalenyl group , indenyl group , naphthyl group , azulenyl 25 triazolyl group , tetrazolyl group , oxadiazolyl group , triazi 
group , heptalenyl group , indacenyl group , acenaphthyl nyl group , dibenzofuranyl group , dibenzothiophenyl group , 
group , fluorenyl group , spiro - fluorenyl group , benzofluore - benzocarbazolyl group , dibenzocarbazolyl group , imida 
nyl group , dibenzofluorenyl group , phenalenyl group , 
phenanthrenyl group , anthracenyl group , fluorantenyl group , zopyridinyl group or imidazopyrimidinyl group . 
triphenylenyl group , pyrenyl group , chrycenyl group , naph - 30 Hereinafter , a compound and an organic light - emitting 
thacenyl group , pycenyl group , perylenyl group , pentaphe device according to embodiments is described in detail with 
nyl group , hexacenyl group , pentacenyl group , rubicenyl reference to Synthesis Example and Examples . However , 
group , coronenyl group , ovalenyl group , pyrrolyl group , the organic light - emitting device is not limited thereto . The 
thiophenyl group , furanyl group , imidazolyl group , pyra wording “ B was used instead of A ” used in describing 
zolyl group , thiazolyl group , isothiazolyl group , oxazolyl 35 Synthesis Examples means that a molar equivalent of A was 
group , isooxazolyl group , pyridinyl group , pyrazinyl group , identical to a molar equivalent of B . pyrimidinyl group , pyridazinyl group , isoindolyl group , 
indolyl group , indazolyl group , purinyl group , quinolinyl 
group , isoquinolinyl group , benzoquinolinyl group , EXAMPLE 
phthalazinyl group , naphthylidinyl group , quinoxalinyl 40 
group , quinazolinyl group , cynolinyl group , carbazolyl 
group , phenanthridinyl group , acridinyl group , phenan Synthesis Example 1 
throlinyl group , phenazinyl group , benzoimidazolyl group , 
benzofuranyl group , benzothiophenyl group , isobenzothiaz Synthesis of Compound 1 
olyl group , benzooxazolyl group , isobenzooxazolyl group , 45 
triazolyl group , tetrazolyl group , oxadiazolyl group , triazi 
nyl group , dibenzofuranyl group , dibenzothiophenyl group , 
benzocarbazolyl group , dibenzocarbazolyl group , and imi 
dazopyridinyl group , each substituted with at least one Reaction Scheme 1 
group selected from a deuterium , — F , Cl , Br , — I , a 50 
hydroxyl group , a cyano group , a nitro group , an amino 
group , an amidino group , a hydrazine group , a hydrazone 
group , a carboxylic acid or a salt thereof , a sulfonic acid or 
a salt thereof , a phosphoric acid or a salt thereof , a C , - C60 
alkyl group , a C2 - C60 alkenyl group , a C2 - C . alkynyl group , 55 
a C , - C60 alkoxy group , phenyl group , naphthyl group , 
- N ( Q21 ) ( Q22 ) , — Si ( Q23 ) ( Q24 ) ( Q25 ) , and — B ( Q26 ) ( Q27 ) ; 
and Br 

- N ( Q31 ) ( Q32 ) , Si ( Q33 ) ( Q34 ) ( Q35 ) , and B ( Q36 ) 
( Q37 ) , wherein NIN Qi to Q7 , Q11 to Q17 , Q21 to Q27 , and Q31 to Q37 may be Pd ( dba ) 2 , NaO?t - Bu ) 
each independently a hydrogen , a C1 - C60 alkyl group , a P ( t - Bu ) 3 ( 50 % in Toluene ) , C2 - C60 alkenyl group , a C2 - C60 alkynyl group , a C . - C . 0 Xylene 
alkoxy group , cyclopentyl group , cyclohexyl group , cyclo 
heptyl group , cyclopentenyl group , cycloheptenyl group , 65 
phenyl group , pentalenyl group , indenyl group , naphthyl 
group , azulenyl group , heptalenyl group , indacenyl group , 

- NH 

Intermediate A 

Boty 
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10 Dolno . Ora Compound 1 
Compound 2 

12 . 0 g ( 42 . 9 mmol ) of Intermediate A , 16 g ( 51 . 5 mmol ) 15 . 0 g ( 31 . 2 mmol ) of Intermediate B , 10 . 7 g ( 34 . 3 mmol ) 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 3 g ( 85 . 9 mmol ) of 20 of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 6 g ( 62 . 3 mmol ) of 
sodium t - butoxide , 2 . 5 g ( 4 . 3 mmol ) of Pd ( dba ) , ( bis ( diben - potassium carbonate , and 1 . 8 g ( 1 . 6 mmol ) of tetrakis 
zylideneacetone ) palladium ( 0 ) ) , and 4 . 1 mL ( 50 % in toluene ) ( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPh3 ) ) were added 
of tri t - butylphosphine were added to 200 mL of xylene in to 350 mL of toluene group , 150 mL of water , and 150 mL 
a 500 mL round flask , and then , the mixture was refluxed in of ethanol in 1000 ml flask , and then , the mixture was 
a nitrogen stream for 15 hours while heating . The obtained 25 ined 25 refluxed in a nitrogen stream for 6 hours while heating . The 

obtained mixture was added to 1 , 500 mL of methanol and mixture was added to 1 , 000 mL of methanol and the the crystallized solid powder was obtained by filtering and crystallized solid powder was obtained by filtering and then then , the result was dissolved in monochlorobenzene and 
the result was dissolved in dichlorobenzene and filtered by filtered by using silica gel / celite , and an appropriate amount 
using silica gel / celite , and an appropriate amount of an 20 of an organic solvent used herein was removed therefrom , 
organic solvent used herein was removed therefrom , and and then , the result was re - crystallized by using methanol to 
then , the result was re - crystallized by using methanol to obtain Compound 2 ( 11 . 3 g , yield of 62 % ) . Elementary 
obtain Compound 1 ( 14 . 2 g , yield of 65 % ) . Elementary analysis results of Compound 2 are as follows : 
analysis results of Compound 1 are as follows : calcd . Cz8H23N3S2 : C , 77 . 92 ; H , 3 . 96 ; N , 7 . 17 ; S , 10 . 95 ; 

found : C , 77 . 88 ; H , 3 . 97 ; N , 7 . 18 ; S , 10 . 93 calcd . C32H19N3S2 : C , 75 . 41 ; H , 3 . 76 ; N , 8 . 25 ; S , 12 . 58 ; 35 
found : C , 75 . 38 ; H , 3 . 74 ; N , 8 . 22 ; S , 12 . 57 Synthesis Example 3 

Synthesis of Compound 3 
Synthesis Example 2 

Synthesis of Compound 2 Reaction Scheme 3 

Reaction Scheme 2 

X 

Intermediate B Intermediate C 
Br Br 

2 

NIN NN Pd ( PPhz ) 4 , K2CO3 
Toluene , EtOH , H2O ??? Pd ( PPh3 ) 4 , K2CO3 

Toluene , EtOH , H2O 

65 



US 10 , 032 , 985 B2 
165 

- continued 
166 

- continued 

u 

N 

10 

Compound 4 

13 . 0 g ( 46 . 2 mmol ) of Intermediate D , 17 . 2 g ( 55 . 4 mmol ) 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 9 g ( 92 . 4 mmol ) of 
sodium t - butoxide , 2 . 7 g ( 4 . 6 mmol ) of Pd ( dba ) , and 3 . 7 
mL ( 50 % in toluene ) of tri t - butylphosphine were added to 

Compound 3 20 230 mL of xylene in a 500 mL round flask , and then , the 
mixture was refluxed in a nitrogen stream for 15 hours while 
heating . The obtained mixture was added to 1 , 000 mL of 

15 . 5 g ( 32 . 2 mmol ) of Intermediate C , 11 . 0 g ( 35 . 4 mmol ) methanol and the crystallized solid powder was obtained by 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 9 g ( 64 . 4 mmol ) of filtering and then , the result was dissolved in dichloroben 
potassium carbonate , and 1 . 9 g ( 1 . 6 mmol ) of tetrakis 25 zene and filtered by using silica gel / celite , and an appropri 
( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPhz ) ) were added ate amount of an organic solvent used herein was removed 
to 350 mL of toluene group , 150 mL of water , and 150 mL therefrom , and then , the result was re - crystallized by using 
of ethanol in 1 , 000 ml flask , and then , the mixture was methanol to obtain Compound 4 ( 14 . 1 g , yield of 60 % ) . 
refluxed in a nitrogen stream for 6 hours while heating . The Elementary analysis results and NMR analysis results of 

Compound 4 are as follows : obtained mixture was added to 1 , 500 mL of methanol and 30 calcd . C32H / 9N3Sz : C , 75 . 41 ; H , 3 . 76 ; N , 8 . 25 ; S , 12 . 58 ; the crystallized solid powder was obtained by filtering and C , 75 . 39 ; H , 3 . 75 ; N , 8 . 26 ; S , 12 . 57 
then , the result was dissolved in monochlorobenzene and 300 MHz ( CDC12 , ppm ) : 8 8 . 65 ( dd , 1H ) , 8 . 16 ( s , 1H ) , 
filtered by using silica gel / celite , and an appropriate amount 8 . 07 ( m , 4H ) , 7 . 80 ( d , 1H ) , 7 . 75 ( dd , 1H ) , 7 . 34 – 7 . 49 ( m , 
of an organic solvent used herein was removed therefrom , 8H ) , 7 . 14 ( m , 2H ) , 6 . 85 ( t , 1H ) 
and then , the result was re - crystallized by using methanol to 
obtain Compound 3 ( 12 . 1 g , yield of 64 % ) . Elementary Synthesis Example 5 
analysis results of Compound 3 are as follows : Synthesis of Compound 5 

calcd . Cz8H23N2S2 : C , 77 . 92 ; H , 3 . 96 ; N , 7 . 17 ; S , 10 . 95 ; 
found : C , 77 . 91 ; H , 3 . 98 ; N , 7 . 16 ; S , 10 . 94 40 

Reaction Scheme 5 Synthesis Example 4 

Synthesis of Compound 4 

Reaction Scheme 4 

+ 

Intermediate D Intermediate E 
Br Br 

N N N otomoto Pd ( dba ) 2 , NaO?t - Bu ) 
Pét - Bu ) 3 ( 50 % in Toluene ) , 

Xylene 

Pd ( PPh3 ) 4 , K2CO3 
Toluene , EtOH , H20 

65 
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N N Pd ( PPhz ) 4 , K2CO3 
Toluene , EtOH , H2O 

? 

Compound 5 ? 

17 . 0 g ( 35 . 3 mmol ) of Intermediate E , 12 . 1 g ( 38 . 8 mmol ) 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 9 . 8 g ( 70 . 6 mmol ) of Compound 6 
potassium carbonate , and 2 . 0 g ( 1 . 8 mmol ) of tetrakis 25 
( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPhz ) d ) were added 17 . 9 g ( 37 . 2 mmol ) of Intermediate F , 13 . 9 g ( 44 . 6 mmol ) 
to 350 mL of toluene group , 150 mL of water , and 150 mL of 2 - bromo - 4 , 6 - diphenylpyrimidine , 10 . 3 g ( 74 . 4 mmol ) of 
of ethanol in 1 , 000 ml flask , and then , the mixture was potassium carbonate , and 3 . 1 g ( 1 . 9 mmol ) of tetrakis 
refluxed in a nitrogen stream for 6 hours while heating . The 30 ( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPhz ) 4 ) were added 

to 350 mL of toluene group , 150 mL of water , and 150 mL obtained mixture was added to 1 , 500 mL of methanol and of ethanol in 1 , 000 mL flask , and then , the mixture was 
the crystallized solid powder was obtained by filtering and refluxed in a nitrogen stream for 6 hours while heating . The 
then , the result was dissolved in monochlorobenzene and obtained mixture was added to 1 , 500 mL of methanol and 
filtered by using silica gel / celite , and an appropriate amount 35 the crystallized solid powder was obtained by filtering and 

then , the result was dissolved in monochlorobenzene and of an organic solvent used herein was removed therefrom , filtered by using silica gel / celite , and an appropriate amount 
and then , the result was re - crystallized by using methanol to of an organic solvent used herein was removed therefrom , 
obtain Compound 5 ( 12 . 2 g , yield of 59 % ) . Elementary and then , the result was re - crystallized by using methanol to 
analysis results of Compound 5 are as follows : 40 obtain Compound 6 ( 14 . 9 g , yield of 68 % ) . Elementary 

analysis results and NMR analysis results of Compound 6 
calcd . Cz8H23N3S2 : C , 77 . 92 ; H , 3 . 96 ; N , 7 . 17 ; S , 10 . 95 ; are as follows : 

found : C , 77 . 93 ; H , 3 . 95 ; N , 7 . 16 ; S , 10 . 96 calcd . Cz8H23N2Sz : C , 77 . 92 ; H , 3 . 96 ; N , 7 . 17 ; S , 10 . 95 ; 
found : C , 77 . 90 ; H , 3 . 95 ; N , 7 . 18 ; S , 10 . 94 

Synthesis Example 6 300 MHz ( CDC1z , ppm ) : 8 8 . 46 ( dd , 1H ) , 8 . 18 ( m , 4H ) , 
7 . 94 ( s , 1H ) , 7 . 92 ( d , 1H ) , 7 . 79 ( dd , 1H ) , 7 . 61 ( m , 7H ) , 7 . 55 
( m , 2H ) , 7 . 35 ( dd , 1H ) , 7 . 27 ( m , 2H ) , 7 . 16 ( d , 1H ) , 7 . 13 ( d , Synthesis of Compound 6 1H ) , 6 . 68 ( t , 1H ) 

45 

50 
Synthesis Example 7 

Reaction Scheme 6 

Synthesis of Compound 7 
$ 

Reaction Scheme 7 

Intermediate F Intermediate 
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Br 

Br 

N 
Pd ( dba ) 2 , NaO?t - Bu ) , 

P ( t - Bu ) 3 ( 50 % in Toluene ) , 
Xylene 

5 N IN Pd ( PPhz ) 4 , K2CO3 
Toluene , EtOH , H2O 

10 

? 

20 

Compound 7 
25 

< 40 

Compound 8 

12 . 0 g ( 43 . 9 mmol ) of Intermediate G , 16 . 4 g ( 52 . 7 mmol ) 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 4 g ( 87 . 8 mmol ) of 
sodium t - butoxide , 4 . 0 g ( 4 . 4 mmol ) of Pd ( dba ) 2 , and 4 . 3 
mL ( 50 % in toluene ) of tri t - butylphosphine were added to 30 
250 mL of xylene in a 500 mL round flask , and then , the 
mixture was refluxed in a nitrogen stream for 15 hours while 
heating . The obtained mixture was added to 1 , 000 mL of 
methanol and the crystallized solid powder was obtained by 
filtering and then , the result was dissolved in dichloroben - 35 
zene and filtered by using silica gel / celite , and an appropri 
ate amount of an organic solvent used herein was removed 
therefrom , and then , the result was re - crystallized by using 
methanol to obtain Compound 7 ( 12 . 2 g , yield of 55 % ) . 
Elementary analysis results of Compound 7 re as follows : 

calcd . C35H25N20 : C , 83 . 48 ; H , 5 . 00 ; N , 8 . 34 ; 0 , 3 . 18 ; 
found : C , 83 . 45 ; H , 5 . 02 ; N , 8 . 33 ; 0 , 3 . 19 

16 . 5 g ( 34 . 7 mmol ) of Intermediate H , 11 . 9 g ( 38 . 2 mmol ) 
Synthesis Example 8 45 of 2 - bromo - 4 , 6 - diphenylpyrimidine , 9 . 6 g ( 69 . 4 mmol ) of 

potassium carbonate , and 2 . 0 g ( 1 . 7 mmol ) of tetrakis 
Synthesis of Compound 8 ( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPhz ) ) were added 

to 350 mL of toluene group , 150 mL of water , and 150 mL 
of ethanol in 1 , 000 ml flask , and then , the mixture was 

Reaction Scheme 8 refluxed in a nitrogen stream for 6 hours while heating . The 
obtained mixture was added to 1 , 500 mL of methanol and 

» the crystallized solid powder was obtained by filtering and 
then , the result was dissolved in monochlorobenzene and 
filtered by using silica gel / celite , and an appropriate amount 

60 of an organic solvent used herein was removed therefrom , 
and then , the result was re - crystallized by using methanol to 
obtain Compound 8 ( 12 . 3 g , yield of 61 % ) . Elementary 
analysis results of Compound 8 are as follows : 

calcd . C41H29N30 : C , 84 . 95 ; H , 5 . 04 ; N , 7 . 25 ; 0 , 2 . 76 ; 
found : C , 84 . 92 ; H , 5 . 02 ; N , 7 . 26 ; 0 , 2 . 79 

50 " 

een 

65 Intermediate H 
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and then , the result was re - crystallized by using methanol to 
obtain Compound 9 ( 12 . 7 g , yield of 58 % ) . Elementary 
analysis results of Compound 9 are as follows : 

calcd . C4 / H29N20 : C , 84 . 95 ; H , 5 . 04 ; N , 7 . 25 ; 0 , 2 . 76 ; 
5 found : C , 84 . 94 ; H , 5 . 02 ; N , 7 . 27 ; 0 , 2 . 78 

Synthesis of Compound 9 

Reaction Scheme 9 Synthesis Example 10 

10 Synthesis of Compound 10 

Reaction Scheme 10 
15 at 20 

Intermediate J 

Br 
25 Intermediate I NIN Br Pd ( dba ) 2 , NaOrt - Bu ) , 

P ( t - Bu ) 3 ( 50 % in Toluene ) , 
Xylene N N 

Pd ( PPh3 ) 4 , K2CO3 
Toluene , EtOH , H20 

30 

35 

N 

40 

Compound 10 
45 

13 . 5 g ( 49 . 4 mmol ) of Intermediate J , 18 . 4 g ( 59 . 3 mmol ) 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 9 . 5 g ( 98 . 8 mmol ) of 
sodium t - butoxide , 4 . 5 g ( 4 . 9 mmol ) of Pd ( dba ) , , and 4 . 8 

50 mL ( 50 % in toluene ) of tri t - butylphosphine were added to 
300 mL of xylene in a 500 mL round flask , and then , the 

Compound 9 mixture was refluxed in a nitrogen stream for 15 hours while 
heating . The obtained mixture was added to 1 , 000 mL of 

18 . 0 g ( 37 . 2 mmol ) of Intermediate I , 13 . 0 g ( 41 . 7 mmol ) methanol and the crystallized solid powder was obtained by 
of 2 - bromo - 4 , 6 - diphenylpyrimidine , 10 . 5 g ( 75 . 7 mmol ) of filtering and then , the result was dissolved in dichloroben potassium carbonate , and 2 . 2 g ( 1 . 9 mmol ) of tetrakis 
( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPhz ) a ) were added zene and filtered by using silica gel / celite , and an appropri 
to 350 mL of toluene group , 150 mL of water , and 150 mL 60 ate amount of an organic solvent used herein was removed 
of ethanol in 1000 ml flask , and then , the mixture was 
refluxed in a nitrogen stream for 6 hours while heating . The therefrom , and then , the result was re - crystallized by using 
obtained mixture was added to 1 , 500 mL of methanol and methanol to obtain Compound 10 ( 14 . 4 g , yield of 58 % ) . 
the crystallized solid powder was obtained by filtering and Elementary analysis results of Compound 10 are as follows : 
then , the result was dissolved in monochlorobenzene and 65 
filtered by using silica gel / celite , and an appropriate amount calcd . C35H25N20 : C , 83 . 48 ; H , 5 . 00 ; N , 8 . 34 ; 0 , 3 . 18 ; 
of an organic solvent used herein was removed therefrom , found : C , 83 . 49 ; H , 5 . 01 ; N , 8 . 32 ; 0 , 3 . 16 
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Synthesis Example 11 Synthesis Example 12 

Synthesis of Compound 11 Synthesis of Compound 12 

Reaction Scheme 11 
Reaction Scheme 12 

Intermediate K Intermediate L 
Br Br 

25 Pd ( PPhz ) 4 , K2CO3 
Toluene , EtOH , H2O 

N barotto N 
Pd ( PPhz ) 4 , K2CO3 
Toluene , EtOH , H20 

Compound 12 
Compound 11 

15 . 0 g ( 31 . 6 mmol ) of Intermediate L , 10 . 8 g ( 34 . 7 mmol ) 
15 . 0 g ( 31 . 6 mmol ) of Intermediate K , 10 . 8 g ( 34 . 7 mmol ) 30 of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 7 g ( 63 . 1 mmol ) of 

of 2 - bromo - 4 , 6 - diphenylpyrimidine , 8 . 7 g ( 63 . 1 mmol ) of potassium carbonate , and 1 . 8 g ( 1 . 6 mmol ) of tetrakis 
potassium carbonate , and 1 . 8 g ( 1 . 6 mmol ) of tetrakis ( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPhz ) ) were added 
( triphenylphosphine ) palladium ( 0 ) ( Pd ( PPh ) . ) were added to 350 mL of toluene group , 150 mL of water , and 150 mL 
to 350 mL of toluene group , 150 mL of water , and 150 mL ss of ethanol in 1 , 000 mL flask , and then , the mixture was 
of ethanol in 1 , 000 mL flask , and then , the mixture was refluxed in a nitrogen stream for 6 hours while heating . The 
refluxed in a nitrogen stream for 6 hours while heating . The obtained mixture was added to 1 , 500 mL of methanol and 
obtained mixture was added to 1 , 500 mL of methanol and the crystallized solid powder was obtained by filtering and 
the crystallized solid powder was obtained by filtering and then , the result was dissolved in monochlorobenzene and 
then , the result was dissolved in monochlorobenzene and 60 filtered by using silica gel / celite , and an appropriate amount 
filtered by using silica gel / celite , and an appropriate amount of an organic solvent used herein was removed therefrom , 
of an organic solvent used herein was removed therefrom , and then , the result was re - crystallized by using methanol to 
and then , the result was re - crystallized by using methanol to obtain Compound 12 ( 11 . 3 g , yield of 62 % ) . Elementary obtain Compound 11 ( 11 . 5 g , yield of 63 % ) . Elementary as analysis results of Compound 12 are as follows : analysis results of Compound 11 are as follows : 

calcd . C4 / H29N30 : C , 84 . 95 ; H , 5 . 04 ; N , 7 . 25 ; 0 , 2 . 76 ; calcd . C41H29N20 : C , 84 . 95 ; H , 5 . 04 ; N , 7 . 25 ; O , 2 . 76 ; 
found : C , 84 . 96 ; H , 5 . 01 ; N , 7 . 27 ; 0 , 2 . 77 found : C , 84 . 93 ; H , 5 . 02 ; N , 7 . 26 ; 0 , 2 . 75 
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Evaluation Example 1 speed of 1 Å / sec to form a hole blocking layer having a 
thickness of 50 X , and then , Alqz was vacuum - deposited on 

Evaluation on HOMO , LUMO , and Triplets ( T1 ) the hole blocking layer to form an electron transport layer 
Energy Level of Compounds 1 to 12 having a thickness of 300 Å . LiF and Al were sequentially 

5 vacuum - deposited on the electron transport layer at thick 
HOMO , LUMO and T1 energy levels of Compounds 1 to nesses of 10 Å ( electron injection layer ) and Al 2 , 000 

12 were evaluated according to the method indicated in Å ( cathode ) , respectively , thereby completing manufacturing 
Table 1 , and results thereof are shown in Table 2 . of an organic light - emitting device . 

TABLE 1 

HOMO energy level Each compound was diluted in CHCl3 to a concentration of 1 x 10 - M , and 
evaluation method then , UV absorption spectrum thereof was measured at room temperature 

by using Shimadzu UV - 350 Spectrometer . A HOMO energy level of the 
compound was calculated by using an optical band gap ( Eg ) measured by 
the edge of the absorption spectrum . 

LUMO energy level Cyclic voltammetry ( CV ) ( electrolyte : 0 . 1M Bu4NCIO4 / solvent : CH2Cl2 
evaluation method electrode : 3 electrode system ( working electrode : GC , reference electrode : 

Ag / AgCl , auxiliary electrode : Pt ) ) were used to obtain a potential ( V ) - current 
( A ) graph of each compound , and then , from reduction onset of the graph , 
the LUMO energy level of each compound was calculated . 

T1 energy level A mixture ( each compound was dissolved in an amount of 1 mg in 3 cc of 
evaluation method toluene ) of toluene and each compound was loaded into a quartz cell , and 

then , the resultant quartz cell was loaded into liquid nitrogen ( 77° K ) and a 
photoluminescence spectrum thereof was measured by using a device for 
measuring photoluminescence , and the obtained spectrum was compared 
with a photoluminescence spectrum measured at room temperature , and 
peaks appearing only at low temperature were analyzed to calculate Ti 
energy levels . 

TABLE 2 Example 2 

35 

HOMO ( V ) LUMO ( V ) T1 energy 30 An organic light - emitting device was manufactured in the 
Compound No . ( calc . ) ( calc . ) level ( eV ) same manner as in Example 1 , except that in forming an 

emission layer , as a host , Compound 4 was used instead of Compound 1 - 5 . 116 - 1 . 914 2 . 604 Compound 1 . Compound 2 - 5 . 059 - 1 . 652 2 . 688 
Compound 3 - 5 . 084 - 1 . 581 2 . 689 Example 3 Compound 4 - 5 . 142 - 1 . 914 2 . 648 
Compound 5 - 5 . 152 - 1 . 557 2 . 686 
Compound 6 - 5 . 117 - 1 . 732 An organic light - emitting device was manufactured in the 2 . 701 
Compound 7 - 4 . 941 - 1 . 918 2 . 429 same manner as in Example 1 , except that in forming an 
Compound 8 - 4 . 952 - 1 . 616 2 . 736 emission layer , as a host , Compound 6 was used instead of 
Compound 9 - 4 . 929 - 1 . 548 2 . 648 40 Compound 1 . 
Compound 10 - 4 . 966 - 1 . 813 2 . 646 
Compound 11 - 5 . 029 - 1 . 534 2 . 680 Comparative Example 1 
Compound 12 - 4 . 989 - 1 . 662 2 . 611 

An organic light - emitting device was manufactured in the 
15 same manner as in Example 1 , except that in forming an From Table 2 , it was confirmed that Compounds 1 to 12 45 * emission layer , as a host , Compound A illustrated below was 

have electric characteristics that are suitable for use as a used instead of Compound 1 . 
material for forming an organic light - emitting device . 

Example 1 Compound A 
50 

An ITO glass substrate was cut to a size of 50 mmx50 
mmx0 . 5 mm and then , sonicated in acetone isopropyl alco 
hol and pure water , each for 15 minutes , and then , washed 
by exposure to UV ozone for 30 minutes . m - MTDATA was 
vacuum - deposited on the resultant ITO structure at a depo 
sition speed of 1 A / sec to form a hole injection layer having 
a thickness of 600 Å , and a - NPB was vacuum - deposited on 
the hole injection layer at a deposition speed of 1 A / sec to so 
form a hole transport layer having a thickness of 300 Å . 
Subsequently , Ir ( ppy ) ; ( dopant ) and Compound 1 ( host ) 
were co - deposited on the hole transport layer at deposition 
speeds of 0 . 1 Å / sec and 1 Å / sec , respectively , to form an 
emission layer having a thickness of 400 Å , and aluminum 65 
( III ) bis ( 2 - methyl - 8 - quinolinato ) - 4 - phenylphenolate ( BAIJ ) 
was vacuum - deposited on the emission layer at a deposition 

Comparative Example 2 

An organic light - emitting device was manufactured in the 
same manner as in Example 1 , except that in forming an 
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emission layer , as a host , Compound B illustrated below was voltage and a higher power efficiency than the organic 
used instead of Compound 1 . light - emitting devices of Comparative Examples 1 and 2 . 

The condensed cyclic compound according to embodi 
ments has excellent electric characteristics and thermal 

Compound B 5 stability . Accordingly , an organic light - emitting device 
including the condensed cyclic compound may have a low 
driving voltage , high efficiency , high brightness , and a long 
lifespan . 

It should be understood that the exemplary embodiments 
described therein should be considered in a descriptive sense 
only and not for purposes of limitation . Descriptions of 
features or aspects within each embodiment should typically 
be considered as available for other similar features or 
aspects in other embodiments . 

While one or more embodiments have been described 
15 with reference to the figures , it will be understood by those 

of ordinary skill in the art that various changes in form and 
details may be made therein without departing from the 
spirit and scope of the present disclosure as defined by the 
following claims . 

20 What is claimed is : 
1 . A condensed cyclic compound represented by Formula 

1 below : 

10 

Evaluation Example 2 
25 Formula 1 

Evaluation on Characteristics of an Organic 
Light - emitting Device | ( 12 ) 612 – ( L12 ) 91215 

H al - ( Rub . com According to the methods indicated in Table 3 below , 
efficiency , power efficiency , and brightness of the organic 30 
light - emitting devices of Examples 1 to 3 and Comparative 
Examples 1 and 2 were evaluated , and results thereof are 
shown in Table 4 below . 

35 TABLE 3 
Change in current 
density according to 
voltage 

40 Change in 
brightness according 
to voltage 

Regarding an organic light - emitting device , a 
current flowing in a unit device was measured 
by using a current - voltage meter while a 
voltage was raised from - 5 V to 10 V , and 
the measured current value was divided by area Regarding an organic light - emitting device , a 
brightness of a green emission region was 
measured by using a brightness meter ( Minolta 
Cs - 1000A ) while a voltage was raised from - 5 V 
to 10 V 
Current efficiency ( cd / A ) was calculated at the 
same current density ( 10 mA / cm² ) by using the 
current density , brightness , and voltage which 
were measured as described above . 

wherein in Formula 1 , 
Xi is N [ ( Li ) a1 - ( Ri ) bi ] , C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] , 

Si [ ( L2 ) a2 - ( R2 ) 2 ] ( L3 ) 93 - ( R3 ) b3 ] , S , or O ; 
X2 is N [ ( L4 ) a4 - ( R4 ) 64 ] , C [ ( L5 ) as - ( R3 ) bs ] [ ( L6 ) a6 - ( R6 ) bo ] , 

Si [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) 26 - ( R . ) bo ] , S , or O ; 
Xz is N [ ( L7 ) a7 - ( R7 ) 67 ] , C [ ( L8 ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R . ) b9 ] , 

Si [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) b9 ] , S , or O ; 
when X2 is N [ ( L4 ) a4 - ( R4 ) b4 ] , 
i ) x is C [ ( L2 ) 2 - ( R2 ) 62 ] [ ( L3 ) 93 - ( R3 ) 63 ] or Si [ ( L2 ) a2 

( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] , and Xz is N [ ( L7 ) a7 - ( R7 ) 67 ] , 
C [ ( L . ) as - ( Re ) b8 ] [ ( L . ) . 9 - ( R . ) b9 ] , Si [ ( L3 ) as - ( Re ) be ] 
[ ( L9 ) 29 - ( R . ) b9 ] , S , or O , or 

ii ) X , is N [ ( L ) a1 - ( R ) bi ] , S , or O , and X3 is C [ ( L3 ) as 
( R3 ) b8 ] [ ( L9 ) a9 - ( R . ) b9 ] or Si [ ( Ls ) a8 - ( R2 ) 68 ] [ ( L ) 29 
( Ro ) , ol ; 

provided that i ) a combination of X , is C [ ( L2 ) a2 - ( R2 ) 62 ] 
[ ( L3 ) a3 - ( R3 ) b3 ] , X2 is S , and X3 is C [ ( L . ) a8 - ( Ro ) be ] 
[ ( L . ) 29 - ( R . ) by ) , ii ) a combination of X , is S , X2 is S , 

Emission Efficiency 
Measurement 

45 

TABLE 4 

Driving 
voltage ( V ) 

Power 
efficiency Brightness 
( lm / W ) ( cd / m² ) 

Efficiency 
( cd / A ) Host Dopant 

4 . 7 Ir ( ppy ) 3 
Ir ( ppy ) 3 4 . 5 

21 . 4 
19 . 5 
19 . 6 
18 . 8 

3500 
3500 
3500 
3500 

Ir pp 

Example 1 Compound 1 
Example 2 Compound 4 
Example 3 Compound 6 
Comparative Compound A 
Example 1 
Comparative Compound B 
Example 2 

3 ? ? 

Ir ( ppy ) 3 5 . 5 

Ir ( ppy ) 3 5 . 6 18 . 0 3500 

65 
From Table 4 , it was confirmed that the organic light 

emitting devices of Examples 1 to 3 had a lower driving 
and X2 is S , and iii ) a combination of X , is CH2 , X , is 
O , and Xz is CH2 are excluded ; 
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Lj to L9 , L11 , and L12 are each independently a substituted b1 to b9 , b11 , and b12 are each independently selected 
or unsubstituted C3 - C10 cycloalkylene group , a substi from an integer from 1 to 10 ; 
tuted or unsubstituted Cz - C10 heterocycloalkylene c11 and c12 are each independently 1 , 2 , 3 , or 4 ; 
group , a substituted or unsubstituted C3 - C10 cycloalk when c11 is 2 or more , at least two * - ( LW ) au1 - ( RW ) bu are 
enylene group , a substituted or unsubstituted Cz - C1o 5 identical or different ; 
heterocycloalkenylene group , a substituted or unsub when c12 is 2 or more , at least two * - ( L12 ) 912 - ( R12 ) 612 are 
stituted C . - C . arylene group , a substituted or unsub identical or different ; 
stituted C2 - C6 heteroarylene group , a substitued or at least one of the substituted Cz - C1 , cycloalkylene group , 
unsubstituted bivalent non - aromatic condensed poly the substituted Cz - C10 heterocycloalkylene group , the 
cyclic group , or a substituted or unsubstituted divalent 10 substituted C3 - C10 cycloalkenylene group substituted 
non - aromatic hetero - condensed polycyclic group , Cz - Cho heterocycloalkenylene group substituted 

al to ag , all , and al2 are each independently selected Co - Coo arylene group substituted C2 - C6 heteroarylene 
from an integer from 0 to 5 ; group substituted bivalent non - aromatic condensed 

R1 , R4 , and R , are each independently a hydrogen , a polycyclic group , the substituted divalent non - aromatic 
deuterium , - F , - C1 , — Br , — I , a hydroxyl group , a 15 hetero - condensed polycyclic group , the substituted 
cyano group , a nitro group , an amino group , an amidino C - C60 alkyl group , the substituted C2 - C60 alkenyl 
group , a hydrazine group , a hydrazone group , a car group , the substituted C2 - C60 alkynyl group , the sub 
boxylic acid or a salt thereof , a sulfonic acid or a salt stituted C , - C . alkoxy group , the substituted Cz - C10 
thereof , a phosphoric acid or a salt thereof , a substituted cycloalkyl group , the substituted C3 - C10 heterocy 
or unsubstituted C , - C6 alkyl group , a substituted or 20 cloalkyl group , the substituted Cz - C1o cycloalkenyl 
unsubstituted C2 - C60 alkenyl group , a substituted or group , the substituted Cz - C10 heterocycloalkenyl 
unsubstituted C . - C . alkynyl group , a substituted or group , the substituted Co - C60 aryl group , the substi 
unsubstituted C , - C6 alkoxy group , a substituted or tuted Co - C60 aryloxy group , the substituted Co - C60 
unsubstituted C3 - C10 cycloalkyl group , a substituted or arylthio group , a substituted or unsubstituted CZ - C60 
unsubstituted C3 - C10 heterocycloalkyl group , a substi - 25 arylalkyl group , the substituted C2 - C60 heteroaryl 
tuted or unsubstituted Cz - C10 cycloalkenyl group , a group , a substituted or unsubstituted C2 - C6 heteroary 
substituted or unsubstituted C3 - C10 heterocycloalkenyl loxy group , a substituted or unsubstituted C . - Can het 
group , a substituted or unsubstituted Co - C60 aryl group , eroarylthio group , a substituted or unsubstituted Cz - C60 
a substituted or unsubstituted Co - C60 aryloxy group , a heteroarylalkyl group , the substituted monovalent non 
substituted or unsubstituted Co - C60 arylthio group , a 30 aromatic condensed polycyclic group , and the substi 
substituted or unsubstituted CZ - C60 arylalkyl group , a tuted monovalent non - aromatic condensed heteropoly 
substituted or unsubstituted C , - C6 heteroaryl group , a cyclic group is substituted with 
substituted or unsubstituted C2 - C60 heteroaryloxy a deuterium , — F , C1 , — Br , — 1 , a hydroxyl group , a 
group , a substituted or unsubstituted C2 - C60 heteroaryl cyano group , a nitro group , an amino group , an amidino 
thio group , a substituted or unsubstituted C3 - C60 het - 35 group , a hydrazine group , a hydrazone group , a car 
eroarylalkyl group , a substituted or unsubstituted mon boxylic acid or a salt thereof , a sulfonic acid or a salt 
ovalent non - aromatic condensed polycyclic group , or a thereof , a phosphoric acid or a salt thereof , a C1 - C60 
substituted or unsubstituted monovalent non - aromatic alkyl group , a C2 - C60 alkenyl group , a C2 - C60 alkynyl 
condensed heteropolycyclic group ; group , or a C1 - C60 alkoxy group ; 

R2 , Rz , R5 , R . , Rz , R , R11 , and R12 are each indepen - 40 a C2 - C60 alkyl group , a C2 - C60 alkenyl group , a C2 - C60 
dently a hydrogen , a deuterium , F , Cl , Br , - I , alkynyl group , or a C , - C60 alkoxy group , each substi 
a hydroxyl group , a cyano group , a nitro group , an tuted with at least one group selected from a deuterium , 
amino group , an amidino group , a hydrazine group , a - F , Cl , Br , — 1 , a hydroxyl group , a cyano group , 
hydrazone group , a carboxylic acid or a salt thereof , a a nitro group , an amino group , an amidino group , a 
sulfonic acid or a salt thereof , a phosphoric acid or a 45 hydrazine group , a hydrazone group , a carboxylic acid 
salt thereof , a substituted or unsubstituted C . - C . alkyl or a salt thereof , a sulfonic acid or a salt thereof , a 
group , a substituted or unsubstituted C2 - C60 alkenyl phosphoric acid or a salt thereof , a Cz - C10 cycloalkyl 
group , a substituted or unsubstituted C . - C . alkynyl group , a Cz - C10 heterocycloalkyl group , a Cz - C10 
group , a substituted or unsubstituted C . - C . alkoxy cycloalkenyl group , a C3 - C10 heterocycloalkenyl 
group , a substituted or unsubstituted Cz - C1o cycloalkyl 50 group , a C . - C . aryl group , a C6 - C60 aryloxy group , a 
group , a substituted or unsubstituted C3 - C10 heterocy Co - C60 arylthio group , a substituted or unsubstituted 
cloalkyl group , a substituted or unsubstituted C3 - C10 CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a 
cycloalkenyl group , a substituted or unsubstituted substituted or unsubstituted C2 - C60 heteroaryloxy 
Cz - C10 heterocycloalkenyl group , a substituted or group , a substituted or unsubstituted C2 - C6 heteroaryl 
unsubstituted C . - C . aryl group , a substituted or unsub - 55 thio group , a substituted or unsubstituted C3 - C6 het 
stituted C . - C . aryloxy group , a substituted or unsub eroarylalkyl group , a monovalent non - aromatic con 
stituted C . - C . arylthio group , a substituted or unsub densed polycyclic group , a monovalent non - aromatic 
stituted CZ - C60 arylalkyl group , a substituted or condensed heteropolycyclic group , — N ( Q ) ( Q12 ) , 
unsubstituted C2 - C6 heteroaryl group , a substituted or Si ( Q13 ) ( Q14 ) ( Q15 ) , and B ( Q16 / 17 ) ; 
unsubstituted C2 - C6 heteroaryloxy group , a substi - 60 a Cz - Cio cycloalkyl group , a Cz - C10 heterocycloalkyl 
tuted or unsubstituted C2 - C6 heteroarylthio group , a group , a C3 - C10 cycloalkenyl group , a Cz - C10 hetero 
substituted or unsubstituted C3 - C60 heteroarylalkyl cycloalkenyl group , a Co - C60 aryl group , a Co - C60 
group , a substituted or unsubstituted monovalent non aryloxy group , a Co - C60 arylthio group , a substituted or 
aromatic condensed polycyclic group , a substituted or unsubstituted CZ - C60 arylalkyl group , a C2 - C6 het 
unsubstituted monovalent non - aromatic condensed het - 65 eroaryl group , a substituted or unsubstituted C2 - C60 
eropolycyclic group , — N ( Q1 ) ( Q ) , - Si ( Q ) ( Q4 / Qs ) , heteroaryloxy group , a substituted or unsubstituted 
or - B ( Q ) ( Q . ) ; C2 - C6 heteroarylthio group , a substituted or unsubsti 
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tuted C3 - C6 heteroarylalkyl group , a monovalent non 
aromatic condensed polycyclic group , or a monovalent 
non - aromatic condensed heteropolycyclic group ; 

a C3 - C10 cycloalkyl group , a Cz - C10 heterocycloalkyl 
group , a C3 - C10 cycloalkenyl group , a Cz - C10 hetero - 5 
cycloalkenyl group , a Co - C60 aryl group , a Co - C60 
aryloxy group , a C6 - C60 arylthio group , a substituted or 
unsubstituted CZ - C60 arylalkyl group , a C2 - C60 het 
eroaryl group , a substituted or unsubstituted C2 - C60 10 heteroaryloxy group , a substituted or unsubstituted 
C2 - C6 heteroarylthio group , a substituted or unsubsti 
tuted C3 - C60 heteroarylalkyl group , a monovalent non 
aromatic condensed polycyclic group , or a monovalent 
non - aromatic condensed heteropolycyclic group , each 
substituted with at least one group selected from a 
deuterium , F , C1 , — Br , — I , a hydroxyl group , a 
cyano group , a nitro group , an amino group , an amidino 
group , a hydrazine group , a hydrazone group , a car 
boxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a C2 - C60 
alkyl group , a C2 - C60 alkenyl group , a C2 - C60 alkynyl 
group , a C - C60 alkoxy group , a C3 - C1o cycloalkyl 
group , a Cz - C10 heterocycloalkyl group , a Cz - C10 
cycloalkenyl group , a Cz - C10 heterocycloalkenyl 
group , a Co - C60 aryl group , a Co - C60 aryloxy group , a 
C . - C . arylthio group , a substituted or unsubstituted 
CZ - C60 arylalkyl group , a C2 C60 heteroaryl group , a 
substituted or unsubstituted C2 - C60 heteroaryloxy 
group , a substituted or unsubstituted C2 - C6 heteroaryl 
thio group , a substituted or unsubstituted C3 - C6 het - > 
eroarylalkyl group , a monovalent non - aromatic con 
densed polycyclic group , and a monovalent non 
aromatic condensed heteropolycylic group , — N ( Q21 ) 
( 22 ) , Si ( Q23 ) ( Q24 ) ( Q25 ) , and — B ( Q26 ) ( Q27 ) ; or 

- N ( Q31 ) ( Q32 ) , — Si ( Q33 ) ( Q34 ) ( Q35 ) , or — B ( Q36 ) ( Q37 ) , 
wherein 

Qi to Q2 , Qu to Q . 7 , Qz1 to Q27 , and Q31 to Q37 are each 
independently 

a hydrogen , a deuterium , - F , - Cl , Br , - I , a hydroxyl 
group , a cyano group , a nitro group , an amino group , an 
amidino group , a hydrazine group , a hydrazone group , 
a carboxylic acid or a salt thereof , a sulfonic acid or a 
salt thereof , a phosphoric acid or a salt thereof , a 
C . - C . alkyl group , a C2 - C60 alkenyl group , a C2 - C60 16 
alkynyl group , or a C - Coo alkoxy group ; 

a C , - C60 alkyl group , a C2 - C60 alkenyl group , a C2 - C60 
alkynyl group , or a C1 - C . alkoxy group , each substi 
tuted with at least one group selected from a deuterium , 
- F , - Cl , Br , — 1 , a hydroxyl group , a cyano group , 

a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid 
or a salt thereof , a sulfonic acid or a salt thereof , a 
phosphoric acid or a salt thereof , a C2 - C1o cycloalkyl 
group , a Cz - C10 heterocycloalkyl group , a Cz - C10 

cycloalkenyl group , a C3 - C10 heterocycloalkenyl 
group , a Co - C60 aryl group , a C . - C . aryloxy group , a 
Co - C60 arylthio group , a substituted or unsubstituted 
CZ - C60 arylalkyl group , a C2 - C60 heteroaryl group , a 
substituted or unsubstituted C2 - C60 heteroaryloxy 
group , a substituted or unsubstituted C2 - C6 heteroaryl 
thio group , a substituted or unsubstituted C3 - C60 het 
eroarylalkyl group , a monovalent non - aromatic con 
densed polycyclic group , and a monovalent non 
aromatic condensed heteropolycyclic group ; 

a Cz - C10 cycloalkyl group , a Cz - C10 heterocycloalkyl 
group , a Cz - C10 cycloalkenyl group , a C3 - C10 hetero 
cycloalkenyl group , a C6 - C60 aryl group , a Co - C60 
aryloxy group , a Co - Coo arylthio group , a substituted or 
unsubstituted CZ - C60 arylalkyl group , a C2 - C60 het 
eroaryl group , a substituted or unsubstituted C2 - C60 
heteroaryloxy group , a substituted or unsubstituted 
C2 - C60 heteroarylthio group , a substituted or unsubsti 
tuted C3 - C6 heteroarylalkyl group , a monovalent non 
aromatic condensed polycyclic group , or a monovalent 
non - aromatic condensed heteropolycyclic group ; or 

a C3 - C10 cycloalkyl group , a C3 - C10 heterocycloalkyl 
group , a Cz - C10 cycloalkenyl group , a C3 - C10 hetero 
cycloalkenyl group , a Co - C60 aryl group , a Co - C60 
aryloxy group , a Co - C60 arylthio group , a substituted or 
unsubstituted CZ - C60 arylalkyl group , a C2 - C60 het 
eroaryl group , a substituted or unsubstituted C2 - C60 
heteroaryloxy group , a substituted or unsubstituted 
C , - C6 heteroarylthio group , a substituted or unsubsti 
tuted C3 - C6 heteroarylalkyl group , a monovalent non 
aromatic condensed polycyclic group , or a monovalent 
non - aromatic condensed heteropolycyclic group , each 
substituted with at least one group selected from a 
deuterium , — F , C1 , — Br , — 1 , a hydroxyl group , a 
cyano group , a nitro group , an amino group , an amidino 
group , a hydrazine group , a hydrazone group , a car 
boxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a C , - C60 
alkyl group , a C2 - C60 alkenyl group , a C2 - C60 alkynyl 
group , a C - Coo alkoxy group , a Cz - C1o cycloalkyl 
group , a C3 - C10 heterocycloalkyl group , a C3 - C10 
cycloalkenyl group , a Cz - C1o heterocycloalkenyl 
group , a Co - C60 aryl group , a C6 - C60 aryloxy group , a 
Co - C60 arylthio group , a substituted or unsubstituted 
CZ - C60 arylalkyl group , a C2 - C6 heteroaryl group , a 
substituted or unsubstituted C2 - C6 heteroaryloxy 
group , a substituted or unsubstituted C2 - C6 heteroaryl 
thio group , a substituted or unsubstituted C3 - C6 het 
eroarylalkyl group , a monovalent non - aromatic con 
densed polycyclic group , and a monovalent non 
aromatic condensed heteropolycyclic group . 

2 . The condensed cyclic compound of claim 1 , wherein 
the condensed cyclic compound is represented by one of 

Formulae 1 ( 1 ) to 1 ( 83 ) and 1 ( 85 ) to 1 ( 115 ) in which 
X1 , X2 , and X3 are : 

35 

P , an 40 

45 

50 

Formula 
No . X 

1 ( 1 ) 
1 ( 2 ) 
1 ( 3 ) 

N [ ( L7 ) a7 - ( R7 ) 57 ] 
C [ ( Ls ) as - ( R3 ) b8 ] [ ( L9 ) 89 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) 59 ] 

1 ( 4 ) 
1 ( 5 ) 
106 ) 
1 ( 7 ) 
1 ( 8 ) 

C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 63 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 

N [ ( L4 ) 94 - ( R4 ) 54 ] 
N [ ( L4 ) 94 - ( R4 ) 64 ] 
N [ ( L4 ) a4 - ( R4 ) b4 ] 
N [ ( L4 ) 84 - ( R4 ) 64 ] 
N [ ( L4 ) a4 - ( R4 ) 64 ] 
N [ ( L4 ) a4 - ( R4 ) b4 ] 
N [ ( L4 ) a4 - ( R4 ) b4 ] 
N [ ( L4 ) 4 - ( R4 ) b4 ] 
N [ ( L4 ) a4 - ( R4 ) b4 ] 

o 
N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) a8 - ( R $ ) 68 ] [ ( L . ) . 9 - ( R9 ) \ g ] 
Si [ ( Ls ) a8 - ( R2 ) b8 ] [ ( L9 ) 29 - ( R9 ) by ] 

1 ( 9 ) 
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- continued 
Formula 
No . X 

Si [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) 13 ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) : 1 - ( R1 ) bi ] 

OG 

1 ( 10 ) 
1 ( 11 ) 
1 ( 12 ) 
1 ( 13 ) 
1 ( 14 ) 
1 ( 15 ) 
1 ( 16 ) 
1 ( 17 ) 
1 ( 18 ) 
1 ( 19 ) 
1 ( 20 ) 
1 ( 21 ) 
1 ( 22 ) 
1 ( 23 ) 
1 ( 24 ) 
1 ( 25 ) 
1 ( 26 ) 
1 ( 27 ) 
1 ( 28 ) 
1 ( 29 ) 
1 ( 30 ) 
1 ( 31 ) 

N [ ( L1 ) a1 - ( Ri ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 63 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) ?2 - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) 2 - ( R2 ) 62 ] ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 12 ] ( L3 ) a3 - ( R3 ) 53 ] 

1 ( 32 ) 
1 ( 33 ) 
1 ( 34 ) 
1 ( 35 ) 
1 ( 36 ) 
1 ( 37 ) 
1 ( 38 ) 
1 ( 39 ) 
1 ( 40 ) 
1 ( 41 ) 
1 ( 42 ) 
1 ( 43 ) 

Ooouuuu 

N [ ( L4 ) a4 - ( R4 ) 54 ] O 
N [ ( L4 ) a4 - ( R4 ) 54 ] C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) . 9 - ( R2 ) 59 ] 
N [ ( L4 ) 94 - ( R4 ) b4 ] Si [ ( Ls ) a8 - ( R3 ) 18 ] [ ( L9 ) a9 - ( R9 ) 59 ] 
N [ ( L4 ) a4 - ( R4 ) 54 ] C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) 49 - ( R . ) bg ] 
N [ ( L4 ) a4 - ( R4 ) 54 ] Si [ ( Ls ) as - ( R3 ) b8 ] [ ( L . ) a9 - ( R9 ) bg ] 
N [ ( L4 ) a4 - ( R4 ) 54 ] C [ ( L8 ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) 59 ] 
N [ ( L4 ) a4 - ( R4 ) 54 ] Si [ ( Ls ) a8 - ( Ro ) b8 ] [ ( L9 ) a9 - ( R9 ) bg ] 
C [ ( L5 ) a5 - ( R5 ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) as - ( Rs ) b5 ] [ ( L6 ) 26 - ( R6 ) b6 ] C [ ( Ls ) as - ( R3 ) 58 ] [ ( L9 ) 49 - ( R2 ) 59 ] 
C [ ( L5 ) a5 - ( Rs ) 15 ] [ ( L6 ) a6 - ( R6 ) 56 ] Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
C [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) 26 - ( Ro ) bo ] 
C [ ( L5 ) as - ( R5 ) 55 ] [ ( L6 ) 26 - ( Ro ) b6 ] 
C [ ( L5 ) 45 - ( R5 ) b5 ] [ ( L6 ) ar - ( R6 ) b6 ] N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( L5 ) a5 - ( Rs ) b5 ] [ ( L6 ) a6 - ( R6 ) b6 ] C [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L . ) . 9 - ( R9 ) 59 ] 
C [ ( L5 ) a5 - ( Rs ) " 5 ] [ ( L6 ) 26 - ( R6 ) 66 ] Si [ ( Ls ) a8 - ( R2 ) b8 ] [ ( L9 ) a9 - ( R9 ) by ] 
C [ ( L5 ) 45 - ( Rs ) 65 ] [ ( L6 ) 26 - ( Ro ) b6 ] 
C [ ( L5 ) a5 - ( Rs ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] 
C [ ( Ls ) as - ( Rs ) b5 ] [ ( L6 ) 26 - ( R6 ) 56 ] N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( L5 ) a5 - ( Rs ) b5 ] [ ( L6 ) a6 - ( Ro ) b6 ] C [ ( Le ) as - ( R2 ) 68 ] [ ( L . ) 49 - ( Ro ) bg ] 
C [ ( L5 ) a5 - ( Rs ) bs ] [ ( L6 ) 86 - ( R6 ) b6 ] Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L . ) 49 - ( R2 ) 59 ] 
C [ ( L5 ) 45 - ( Rs ) 65 ] [ ( L6 ) 26 - ( Ro ) b6 ] S . 
C [ ( Ls ) as - ( Rs ) 65 ] [ ( L6 ) 86 - ( R6 ) b6 ] 0 
C [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) b6 ] N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) as - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] C [ ( L3 ) a8 - ( R3 ) b8 ] [ ( L . ) 9 - ( R9 ) bg ] 
C [ ( L5 ) a5 - ( R5 ) 55 ] [ ( L6 ) 86 - ( Ro ) b6 ] Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) 49 - ( R9 ) b9 ] 
C [ ( L5 ) 45 - ( Rs ) b5 ] [ ( L6 ) a6 - ( Ro ) bo ] 
C [ ( L3 ) . 5 - ( Rs ) 55 ] [ ( L6 ) 46 - ( Ro ) bo ] O 
C [ ( L5 ) 45 - ( Rs ) bs ] [ ( L6 ) 26 - ( R6 ) 66 ] N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) a5 - ( Rs ) b5 ] [ ( L6 ) 26 - ( Ro ) b6 ] C [ ( Ls ) as - ( Rs ) b8 ] [ ( L . ) a9 - ( R9 ) bg ] 
C [ ( L5 ) a5 - ( Rs ) b5 ] [ ( L6 ) 26 - ( Ro ) b6 ] Si [ ( Ls ) as - ( R3 ) 58 ] [ ( L9 ) ag - ( R9 ) b9 ] 
C [ ( L5 ) as - ( R5 ) 55 ] [ ( L6 ) 26 - ( Ro ) 56 ] 
C [ ( L5 ) a5 - ( Rs ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] O 
Si [ ( L5 ) , 5 - ( Rs ) bs ] [ ( L6 ) 26 - ( R6 ) b6 ] N [ ( L7 ) a7 - ( R7 ) 57 ] 
Si [ ( Ls ) a5 - ( Rs ) 65 ] [ ( L6 ) a6 ( R6 ) 66 ] C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) ] 
Si [ ( L5 ) as - ( Rs ) b5 ] [ ( L6 ) 26 - ( R6 ) b6 ] Si [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L . ) . 9 - ( R9 ) b9 ] 
Si [ ( L5 ) as - ( R5 ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] S 
Si [ ( Ls ) as - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) b6 ] 0 
Si [ ( L5 ) a5 - ( Rs ) b5 ] [ ( L6 ) 26 - ( R6 ) b6 ] N [ ( L7 ) a7 - ( R7 ) 67 ] 
Si [ ( Ls ) as - ( Rs ) 65 ] [ ( L6 ) 26 - ( Ro ) b6 ] C [ ( Ls ) as - ( R $ ) 68 ] [ ( L . ) 29 - ( Ro ) bg ] 
Si [ ( L5 ) a5 - ( R5 ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] Si [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
Si [ ( L5 ) as - ( Rs ) bs ] [ ( L6 ) 26 - ( Ro ) bo ] S 
Si [ ( L5 ) 95 - ( Rs ) b5 ] [ ( L6 ) a6 - ( R6 ) 66 ] O 
Si [ ( L5 ) a5 - ( Rs ) 55 ] [ ( L6 ) 46 - ( Ro ) b6 ] N [ ( L 7 ) a7 - ( R2 ) 57 ] 
Si [ ( L5 ) as - ( Rs ) 55 ] [ ( L6 ) a6 - ( R6 ) b6 ] C [ ( L ) a8 - ( R $ ) 68 ] [ ( L9 ) 29 - ( R2 ) 59 ] 
Si [ ( L5 ) a5 - ( Rs ) b5 ] [ ( L6 ) a6 - ( R6 ) b6 ] Si [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
Si [ ( Ls ) as - ( R5 ) 65 ] [ ( L6 ) 26 - ( R6 ) bo ] S 
Si [ ( L5 ) a5 - ( R3 ) 55 ] [ ( L6 ) a6 - ( Ro ) b6 ] 
Si [ ( Ls ) a5 - ( Rs ) 65 ] [ ( L6 ) 46 - ( R . ) 56 ] N [ ( L7 ) a7 - ( R7 ) 67 ] 
Si [ ( Ls ) as - ( Rs ) bs ] [ ( L6 ) 26 - ( Ro ) bo ] C [ ( Ls ) a8 - ( Rs ) b8 ] [ ( L9 ) . 9 - ( R9 ) bg ] 
Si [ ( Ls ) as - ( Rs ) bs ] [ ( L6 ) 26 - ( Ro ) b6 ] Si [ ( Le ) a8 - ( R3 ) b8 ] [ ( L . ) . 9 - ( R9 ) 59 ] 
Si [ ( Ls ) as - ( Rs ) 65 ] [ ( L6 ) 26 ( R6 ) 66 ] S 
Si [ ( Ls ) as - ( Rs ) bs ] [ ( L6 ) 26 - ( Ro ) bo ] 0 
Si [ ( Ls ) as - ( R5 ) 55 ] [ ( L6 ) 26 - ( R6 ) bo ] N [ ( L7 ) a7 - ( R7 ) b7 ] 
Si [ ( Ls ) as - ( Rs ) bs ) [ ( L6 ) 26 ( R6 ) 66 ] C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) 9 - ( R $ ) 69 ] 
Si [ ( Ls ) as - ( Rs ) 65 ] [ ( L6 ) a6 - ( R6 ) b6 ] Si [ ( Ls ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
Si [ ( L5 ) a5 - ( R5 ) 55 ] [ ( L6 ) 46 - ( Ro ) bo ] 
Si [ ( L5 ) a5 - ( R5 ) bs ] [ ( L6 ) a6 - ( R6 ) b6 ] 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) as - ( Rg ) b8 ] [ ( L9 ) ?9 - ( R9 ) 59 ] 
Si [ ( Ls ) as - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) b9 ] 

S 

N [ ( L1 ) a1 - ( Rubi ] 
N [ ( L1 ) al - ( Ri ) bi ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( Li ) al - ( R1 ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) q2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) b3 ] 
Si [ ( L2 ) 2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( Rz ) 53 ] 

Ooonus 

1 ( 45 ) 
1 ( 46 ) 
1 ( 47 ) 
1 ( 48 ) 
1 ( 49 ) 
1 ( 50 ) 
1 ( 51 ) 
1 ( 52 ) 
1 ( 53 ) 
1 ( 54 ) 
1 ( 55 ) 
1 ( 56 ) 
1 ( 57 ) 
1 ( 58 ) 
1 ( 59 ) 
1 ( 60 ) 
1 ( 61 ) 
1 ( 62 ) 
1 ( 63 ) 
1 ( 64 ) 
1 ( 65 ) 
1 ( 66 ) 
1 ( 67 ) 
1 ( 68 ) 
1 ( 69 ) 
1 ( 70 ) 
1 ( 71 ) 
1 ( 72 ) 
1 ( 73 ) 
1 ( 74 ) 
1 ( 75 ) 
1 ( 76 ) 
1 ( 77 ) 
1 ( 78 ) 
1 ( 79 ) 
1 ( 80 ) 
1 ( 81 ) 
1 ( 82 ) 
1 ( 83 ) 
1 ( 84 ) 
1 ( 85 ) 

O 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
Si [ ( Ls ) as - ( Rs ) b8 ] [ ( L . ) a9 - ( R9 ) b9 ] 

N [ ( L1 ) a1 - ( Ri ) bi ] 
N [ ( L1 ) al - ( R1 ) bi ] 
N [ ( L1 ) al - ( R1 ) b? ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) ?2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 63 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] wwwwwwwwwwwwwwwwww N [ ( L - ) a7 - ( R7 ) b7 ] 

C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) 49 - ( R . ) bg ] 
Si [ ( L3 ) a8 - ( R3 ) b8 ] [ ( L9 ) a9 - ( R9 ) bo ] 

N [ ( L7 ) a7 - ( R7 ) b7 ] 
C [ ( Ls ) as - ( R8 ) 38 ] [ ( L9 ) 49 - ( R9 ) b9 ] 
Si [ ( Ls ) as - ( R3 ) 58 ] [ ( L . ) & 9 - ( Ro ) bo ] 
v 

wa O 
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Formula 
No . X 

0 N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( R $ ) b8 ] [ ( L9 ) 89 - ( R9 ) 59 ] 
Si [ ( Ls ) a8 - ( R3 ) b8 ] ( L9 ) a9 - ( R9 ) 59 ] O 

o 
O 
N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) b9 ] 
Si [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L . ) a9 - ( R ) bg ] 

1 ( 86 ) 
1 ( 87 ) 
1 ( 88 ) 
1 ( 89 ) 
1 ( 90 ) 
1 ( 91 ) 
1 ( 92 ) 
1 ( 93 ) 
1 ( 94 ) 
1 ( 95 ) 
1 ( 96 ) 
1 ( 97 ) 
1 ( 98 ) 
1 ( 99 ) 
1 ( 100 ) 
1 ( 101 ) 
1 ( 102 ) 
1 ( 103 ) 
1 ( 104 ) 
1 ( 105 ) 
1 ( 106 ) 
1 ( 107 ) 
1 ( 108 ) 
1 ( 109 ) 
1 ( 110 ) 
1 ( 111 ) 
1 ( 112 ) 
1 ( 113 ) 
1 ( 114 ) 
1 ( 115 ) 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Le ) as - ( Re ) b8 ] [ ( L9 ) 29 - ( R9 ) ] 
Si [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( Rg ) bg ] 

N [ ( L1 ) a1 - ( Ri ) b? ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( R1 ) bi ] 
N [ ( L1 ) a1 - ( Ri ) bi ] 
C [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) b3 ] 
C [ ( L2 ) az - ( R2 ) b2 ] [ ( L3 ) a3 - ( R3 ) 13 ] 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 0 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) 93 - ( R3 ) 53 ] O 
C [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) 53 ] O 
Si [ ( L2 ) , 2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] 0 
Si [ ( L2 ) a2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] , 0 
Si [ ( L2 ) a2 - ( R2 ) 62 ] [ ( L3 ) a3 - ( R3 ) 53 ] , 
Si [ ( L2 ) ?2 - ( R2 ) 52 ] [ ( L3 ) a3 - ( R3 ) b3 ] , O 
Si [ ( L2 ) 22 - ( R2 ) 62 ] [ ( L3 ) 93 - ( R3 ) 63 ] , 000000000000000000000000onunun O 

N [ ( L7 ) a7 - ( R7 ) b ] 
C [ ( Ls ) as - ( R8 ) 38 ] [ ( L9 ) 49 - ( R9 ) b9 ] 
Si [ ( L8 ) a8 - ( Re ) b8 ] [ ( L9 ) ag - ( R9 ) b9 ] 

N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) a8 - ( R $ ) 68 ] [ ( L . ) . 9 - ( R9 ) \ g ] 
Si [ ( L3 ) a8 - ( R3 ) 58 ] [ ( L9 ) a9 - ( R9 ) bg ] 
S 
0 
N [ ( L7 ) a7 - ( R7 ) 67 ] 
C [ ( Ls ) as - ( R $ ) 68 ] [ ( L . ) a9 - ( R2 ) 59 ] 
Si [ ( Ls ) a8 - ( R8 ) 68 ] [ ( L . ) a9 - ( R9 ) bg ] Ooooon 

40 

3 . The condensed cyclic compound of claim 1 , wherein 
X2 is selected from C [ ( L5 ) a5 - ( R5 ) 65 ] [ ( L . ) a6 - ( Ro ) bol ; 

Si [ ( L5 ) as - ( R5 ) b5 ] [ ( L . ) a6 - ( Ro ) bol ; S , and O . 
4 . The condensed cyclic compound of claim 1 , wherein 35 
X2 = X , and X27Xz ; 
X + X , and X2 = Xz ; or 
X # X2 # X3 . 
5 . The condensed cyclic compound of claim 1 , wherein 
X , is N [ ( L1 ) 91 - ( R ) bi ] ; 
X , is N [ ( L4 ) 94 - ( R4 ) b4 ] ; or 
X2 is N [ ( L ) a7 - ( R7 ) 67 ] . 
6 . The condensed cyclic compound of claim 2 , wherein 
the condensed cyclic compound is represented by any one 

of Formulae 1 ( 81 ) , 1 ( 70 ) , 1 ( 15 ) , 1 ( 92 ) , or 1 ( 106 ) . 45 
7 . The condensed cyclic compound of claim 1 , wherein 
L , to L9 , L11 , and L12 are each independently 
phenylene group , pentalenylene group , indenylene group , 

naphthylene group , azulenylene group , heptalenylene 
group , indacenylene group , acenaphthylene group , 50 
fluorenylene group , spiro - fluorenylene group , benzo 
fluorenylene group , dibenzofluorenylene group , phe 
nalenylene group , phenanthrenylene group , anthrace 
nylene group , fluoranthenylene group , 
triphenylenylene group , pyrenylene group , chryse - 55 
nylene group , naphthacenylene group , picenylene 
group , perylenylene group , pentaphenylene group , 
hexacenylene group , pentacenylene group , rubice 
nylene group , coronenylene group , ovalenylene group , 
pyrrolylene group , thiophenylene group , furanylene 60 
group , imidazolylene group , pyrazolylene group , thi 
azolylene group , isothiazolylene group , oxazolylene 
group , isooxazolylene group , pyridinylene group , 
pyrazinylene group , pyrimidinylene group , pyridazi 
nylene group , isoindolylene group , indolylene group , 65 
indazolylene group , purinylene group , quinolinylene 
group , isoquinolinylene group , benzoquinolinylene 

group , phthalazinylene group , naphthyridinylene 
group , quinoxalinylene group , quinazolinylene group , 
cinnolinylene group , carbazolylene group , phenan 
thridinylene group , acridinylene group , phenanthroli 
nylene group , phenazinylene group , benzoimida 
zolylene group , benzofuranylene group , 
benzothiophenylene group , isobenzothiazolylene 
group , benzooxazolylene group , isobenzooxazolylene 
group , triazolylene group , tetrazolylene group , oxadi 
azolylene group , triazinylene group , dibenzofuranylene 
group , dibenzothiophenylene group , benzocarba 
zolylene group , dibenzocarbazolylene group , or imida 
zopyridinylene group , or imidazopyrimidinylene 
group ; or 

phenylene group , pentalenylene group , indenylene group , 
naphthylene group , azulenylene group , heptalenylene 
group , indacenylene group , acenaphthylene group , 
fluorenylene group , spiro - fluorenylene group , benzo 
fluorenylene group , dibenzofluorenylene group , phe 
nalenylene group , phenanthrenylene group , anthrace 
nylene group , fluoranthenylene group , 
triphenylenylene group , pyrenylene group , chryse 
nylene group , naphthacenylene group , picenylene 
group , perylenylene group , pentaphenylene group , 
hexacenylene group , pentacenylene group , rubice 
nylene group , coronenylene group , ovalenylene group , 
pyrrolylene group , thiophenylene group , furanylene 
group , imidazolylene group , pyrazolylene group , thi 
azolylene group , isothiazolylene group , oxazolylene 
group , isooxazolylene group , pyridinylene group , 
pyrazinylene group , pyrimidinylene group , pyridazi 
nylene group , isoindolylene group , indolylene group , 
indazolylene group , purinylene group , quinolinylene 
group , isoquinolinylene group , benzoquinolinylene 
group , phthalazinylene group , naphthyridinylene 
group , quinoxalinylene group , quinazolinylene group , 
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Formula 2 - 1 
( 21 ) ài * 

= 

Formula 2 - 2 
( Zudi 

Formula 2 - 3 

( Z1 ) d3 

Formula 2 - 4 

( Z1 ) d3 
Formula 2 - 5 
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cinnolinylene group , carbazolylene group , phenan 
thridinylene group , acridinylene group , phenanthroli 
nylene group , phenazinylene group , benzoimida 
zolylene group , benzofuranylene group , 
benzothiophenylene group , isobenzothiazolylene 5 
group , benzooxazolylene group , isobenzooxazolylene 
group , triazolylene group , tetrazolylene group , oxadi 
azolylene group , triazinylene group , dibenzofuranylene 
group , dibenzothiophenylene group , benzocarba 
zolylene group , dibenzocarbazolylene , imidazopyridi 
nylene group , or imidazopyrimidinylene group , each 
substituted with at least one group selected from a 
deuterium , — F , C1 , — Br , - I , a hydroxyl group , a 
cyano group , a nitro group , an amino group , an amidino 15 
group , a hydrazine group , a hydrazone group , a car 
boxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a C , - C20 
alkyl group , a C1 - C20 alkoxy group , phenyl group , 
pentalenyl group , indenyl group , naphthyl group , azu - 20 
lenyl group , heptalenyl group , indacenyl group , ace 
naphthyl group , fluorenyl group , spiro - fluorenyl group , 
benzofluorenyl group , dibenzofluorenyl group , phe 
nalenyl group , phenanthrenyl group , anthracenyl 
group , fluorantenyl group , triphenylenyl group , pyrenyl 25 
group , chrysenyl group , naphthacenyl group , pycenyl 
group , perylenyl group , pentaphenyl group , hexacenyl 
group , pentacenyl group , rubicenyl group , coronenyl 
group , ovalenyl group , pyrrolyl group , thiophenyl 
group , furanyl group , imidazolyl group , pyrazolyls 
group , thiazolyl group , isothiazolyl group , oxazolyl 
group , isooxazolyl group , pyridinyl group , pyrazinyl 
group , pyrimidinyl group , pyridazinyl group , isoindo 
lyl group , indolyl group , indazolyl group , purinyl 35 
group , quinolinyl group , isoquinolinyl group , benzo 
quinolinyl group , phthalazinyl group , naphthyridinyl 
group , quinoxalinyl group , quinazolinyl group , cinno 
linyl group , carbazolyl group , phenanthridinyl group , 
acridinyl group , phenanthrolinyl group , phenazinyl 40 
group , benzoimidazolyl group , benzofuranyl group , 
benzothiophenyl group , isobenzothiazolyl group , ben 
zooxazolyl group , isobenzooxazolyl group , triazolyl 
group , tetrazolyl group , oxadiazolyl group , triazinyl 
group , dibenzofuranyl group , dibenzothiophenyl 45 
group , benzocarbazolyl group , dibenzocarbazolyl 
group , imidazopyridinyl group , imidazopyridinyl 
group , and Si ( Q33 ) ( Q34 ) ( Q35 ) , 

wherein Q33 to Q35 are each independently a hydrogen , a so 
deuterium , F , Cl , Br , - I , a hydroxyl group , a 
cyano group , a nitro group , an amino group , an amidino 
group , a hydrazine group , a hydrazone group , a car 
boxylic acid or a salt thereof , a sulfonic acid or a salt 
thereof , a phosphoric acid or a salt thereof , a C - C20 55 
alkyl group , a C1 - C20 alkoxy group , phenyl group , 
naphthyl group , anthracenyl group , pyrenyl group , 
phenanthrenyl group , fluorenyl group , chrycenyl 
group , carbazolyl group , benzocarbazolyl group , 
dibenzocarbazolyl group , dibenzofuranyl group , diben - 60 
zothiophenyl group , pyridinyl group , pyrimidinyl 
group , triazinyl group , quinolinyl group , isoquinolinyl 
group , quinazolinyl group , or quinoxalinyl group . 

8 . The condensed cyclic compound of claim 1 , wherein 
Lj to L9 , L11 , and L12 are each independently represented 

by one of Formulae 2 - 1 to 2 - 33 : 

( Z1 ) d3 
Formula 2 - 6 

* 

( Z1d4 

Formula 2 - 7 

( 2144 

Formula 2 - 8 

( Z2 ) d6 
* 

Formula 2 - 9 
Zud * 

* 

Formula 2 - 10 
( Z1 ) d2 

* 



US 10 , 032 , 985 B2 
189 

- continued 
190 

- continued 
Formula 2 - 11 Formula 2 - 23 

( 21 ) 2 

5 
* 

Formula 2 - 12 
( 21 ) d2 Formula 2 - 24 

10 

( 21 ) 25 Formula 2 - 13 

Formula 2 - 25 
15 15 

= 
Formula 2 - 14 

( Z1 ) d2 Formula 2 - 26 
20 ( Zudl 

Formula 2 - 15 
( Z1 ) d5 

25 

X Formula 2 - 27 
( Z1 ) d6 

Formula 2 - 16 
125 30 

Z 
* 

Formula 2 - 17 * XI 

( Z105 
Formula 2 - 28 

( ZUd6 

* * 
Formula 2 - 18 40 

( 21 ) d5 

* Formula 2 - 29 
Formula 2 - 1945 ( 21 ) d2 

- Y 
N 

22d2 
* 

* 

50 
Formula 2 - 20 Formula 2 - 30 

( Z185 ( Zud2 

* 55 

Formula 2 - 21 
( Zud5 

YN 
Formula 2 - 31 

60 * 

( Zud2 
Formula 2 - 22 * ( 21 ) d5 

NYN ( Z2 ) 2 
65 
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- continued - continued 
Formula 2 - 32 Formula 3 - 2 

( Z1 ) di 
N 

( 2242 ( Z2 ) 2 * 

Formula 3 - 3 * 

Formula 2 - 33 
10 

Formula 3 - 4 

( Z2 ) d2 

Formula 3 - 5 

wherein in Formulae 2 - 1 to 2 - 33 , 
Y is O , S , S ( O ) , S ( O ) 2 , C ( Z3 ) ( 24 ) , N ( Z5 ) , or Si ( Z ) 20 

( Z2 ) ; Formula 3 - 6 

Formula 3 - 7 

* * 

Formula 3 - 8 iilililililili 35 Formula 3 - 9 

XI 

Z to Z , are each independently a hydrogen , a deuterium , 
- F , - Cl , Br , — I , a hydroxyl group , a cyano group , 

a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid 25 
or a salt thereof , a sulfonic acid or a salt thereof , a 
phosphoric acid or a salt thereof , a C , - C20 alkyl group , 
a C1 - C20 alkoxy group , phenyl group , naphthyl group , 
anthracenyl group , pyrenyl group , phenanthrenyl 
group , fluorenyl group , chrycenyl group , carbazolyl 
group , benzocarbazolyl group , dibenzocarbazolyl 
group , dibenzofuranyl group , dibenzothiophenyl 
group , pyridinyl group , pyrimidinyl group , triazinyl 
group , quinolinyl group , isoquinolinyl group , qui 
nazolinyl group , quinoxalinyl group , or — Si ( Q33 ) ( Q34 ) 
( Q35 ) , 

wherein Q33 to Qas are each independently a hydrogen , a 
deuterium , — F , C1 , — Br , - I , a hydroxyl group , a 
cyano group , a nitro group , an amino group , an amidino 
group , a hydrazine group , a hydrazone group , a car 
boxylic acid or a salt thereof , a sulfonic acid or a salt 40 
thereof , a phosphoric acid or a salt thereof , a C1 - C20 
alkyl group , a C1 - C20 alkoxy group , phenyl group , 
naphthyl group , anthracenyl group , pyrenyl group , 
phenanthrenyl group , fluorenyl group , chrycenyl 
group , carbazolyl group , benzocarbazolyl group , 45 
dibenzocarbazolyl group , dibenzofuranyl group , diben 
zothiophenyl group , pyridinyl group , pyrimidinyl 
group , triazinyl group , quinolinyl group , isoquinolinyl 
group , quinazolinyl group , or quinoxalinyl group ; 

dl is an integer of 1 to 4 ; 
d2 is an integer of 1 to 3 ; 
d3 is an integer of 1 to 6 ; 
d4 is an integer of 1 to 8 ; 
d5 is 1 or 2 ; 
d6 is an integer of 1 to 5 ; and 
* and * * each indicates a binding site to a neighboring » 

atom . 
9 . The condensed cyclic compound of claim 1 , wherein 
L , to L , , L11 , and L12 are each independently represented 
by one of Formulae 3 - 1 to 3 - 59 : 

Formula 3 - 10 

Formula 3 - 11 

Formula 3 - 12 

50 

Formula 3 - 13 

* 

Formula 3 - 14 

60 

Formula 3 - 1 Formula 3 - 15 

65 
* 
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- continued - continued 
Formula 3 - 16 Formula - 24 

5 

Formula 3 - 17 

| 10 

Formula 1 - 25 

Formula 3 - 11 3 - 18 
| 15 

Formula 3 - 11 3 - 19 Formula 3 - 26 

25 

Formula 3 - 11 3 - 20 
30 | & 

Formula 3 - 11 3 - 21 

Formula 3 - 27 

44 ) 

45 
Formula 3 - 22 % % - 0 - 6 ??? * * 

Formula 3 - 28 

50 

55 

Formula 3 - 23 Formula 3 - 29 














































































































